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ABSTRACT 
The equine small intestine has a limited capacity to digest starch. Feeding high 
amounts of starch exceeds the digestive capacity of the small intestine. This allows non-
degraded starch to reach the cecum. Non-degraded starch alters the microflora in the cecum, 
which often causes a decrease in cecal pH. 
In the first experiment, the control diet consisted of 2 kg of a pelleted com 
concentrate and cracked com, and the treatment diet consisted of 2 kg of a cracked com 
pellet containing a proprietary buffer, the yeast Saccharomyces cerevisiae, and cracked com. 
Total grain was fed at 1 % BW in both the treatment and the control groups. Cecal samples 
were taken on day 7 and 14 of each treatment period. Samples were taken at 0 h (prior to the 
morning meal), 2 h, 4 h, 6 h, 8 h, and 10 h post-feeding. Samples were immediately analyzed 
for pH. Horses consuming the treatment diet had a higher cecal pH trend than horses fed the 
control diet. Cecal pH did not differ between treatments in samples taken at 0 h and 2 h (P > 
0.05). There was a significant difference among treatments at 4 h (P < 0.05). Cecal pH 
differed between treatments at 6 h and 8 h, however, it was not found to be a statistically 
significant difference (P > 0.05). Mean cecal pH did not differ between treatments at 10 h (P 
> 0.05). This is consistent with evidence that cecal pH tends to decrease quickly during the 
first few hours after feeding. Adding a pelleted product containing a proprietary buffer and 
the yeast S. cerevisiae to the diet appeared to reduce the level of undesirable changes in pH in 
the cecum of the horse. 
The purpose of the second experiment was to evaluate the buffering capacity of a 
pelleted product containing the yeast, S. cerevisiae, in the equine hindgut. The mobile bag 
technique was used to evaluate the apparent buffering capacity within the cecum, along with 
IX 
total buffering capacity remaining after complete digestion by the horse. The efficiency of 
the HGM pellet to release the buffering capabilities in the equine hindgut was found to be 
92% (0.92 ± 0.27). In addition, the efficiency ofreleasing the buffering capacity of the HGM 
crumble was found to be 91 % (0.91 ± 0.28). Adding a HGM pelleted product to equine diets 
could assist in reducing the level of harmful changes in pH in the hindgut. 
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CHAPTER ONE 
GENERAL INTRODUCTION 
Thesis Organization 
This thesis is divided into four chapters. Chapter one contains a review of the 
literature written with regards to the equine cecal environment and the effects of hindgut 
modification using yeast cultures. Chapter two includes a summary of the research 
conducted to determine the effect of a hindgut modifier pelleted product containing 
Saccharomyces cerevisiae on cecal pH in the equine hindgut. Chapter three presents a 
summary of the research conducted for the evaluation of a mobile bag trial technique to 
determine the buffering capacity of a Saccharomyces cerevisiae pelleted product in the 
equine hindgut. Chapter four covers the general conclusions that can be acquired from this 
research in relation to preceding work in this field of study. Portions of this thesis will be 
submitted for further publication and the co-author will be Peggy A. Miller-Auwerda. 
Equine Cecum Structure, Physiology, and the Effects of Hindgut 
Modification: A Literature Review 
Introduction 
In comparison to other domestic animals, the horse's large intestine is the largest and 
most intricate section of the digestive system. The most unique and complex section of the 
equine large intestine is the cecum. Throughout the last several decades there has been 
increasing interest in studying the equine cecum, and developing methods to modify the cecal 
environment. Previous research has shown that supplementing yeast cultures into equine 
diets can increase microbial populations in the hindgut (Switzer et al., 2003). Adding yeast 
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cultures to equine diets has also been shown to increase growth of cellulolytic microbial 
populations and to enhance fiber digestibility, leading to greater energy production. The 
inclusion of yeast cultures enhance overall diet digestibility (Snider, 2001);therefore, having 
a positive effect on overall horse performance. 
The Equine Cecum 
Anatomical Description 
The horse's digestive system needs microbes for the digestion of celluloses from a 
mostly forage diet. The horse differs from ruminants in that the fermentation is deferred until 
the ingested feed reaches the cecum. For this reason, equine are often referred to as hindgut 
fermenters. Equine are unique in the fact that their digestive system ferments digesta in the 
large intestine. The large intestine of hindgut fermenters consist of both a cecum and colon, 
which consists of ascending, transverse, and descending parts. The cecum and colon are the 
primary sites of fiber digestion and fermentative activity in equine (Mackie and White, 
1997). 
The equine cecum is a structure that is comma-shaped. It is a blind sac at the distal 
end of the ileum of the small intestine and terminates at the colon. The cecum extends from 
its base in the right side of the pelvic inlet to the floor of the abdominal cavity (Frandson et 
al., 2003). The blind sac end of the cecum is called the apex, which is caudal to the 
diaphragm next to the xiphoid cartilage of the sternum (Frandson et al., 2003). The ileum of 
the small intestine joins the cecum in close proximity to the cecum's base at a junction 
referred to as the ileocecal orifice. Digesta leaves the cecum at the proximal part of the colon 
through the cecocolic orifice (Frandson et al., 2003). Both the ileocecal orifice and cecocolic 
orifice are two of the major sites in the large intestine that are prone to impactions. Colic 
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related impactions in equine typically take place where the gastrointestinal tract changes 
abruptly either in its diameter or in the direction of the ingesta (Ghoshal, 2003). Thus, both 
cecal orifices are very prone to colic related impactions. 
The equine cecum is made of several structural layers. The tunica mucosa is the 
innermost layer of the cecum and is the layer closest to the lumen. It is made up of three 
histologic layers, with the innermost layer consisting of simple columnar epithelium. 
Underneath the epithelium are a layer of connective tissue and then a layer of smooth muscle. 
Outward from the tunica mucosa, the first layer is the tunica muscularis, then the tunica 
submucosa, and the outermost layer is the tunica serosa (Frandson et al., 2003). In the 
cecum, contraction and mixing are accomplished by the longitudinal smooth muscle and 
circular smooth muscle layers located between the submucosa and the serosa (Mackie and 
White, 1997). The tunica mucosa's columnar epithelial layer contains goblet cells which 
secret mucus that provide a protective layer to the mucosa and lubricate the digesta to assist 
in passage through the digestive tract. The equine hindgut lacks epithelial villi and does not 
produce any digestive enzymes (Mackie and White, 1997). 
Physiological Description of Cecal Function 
The motility of the equine digestive tract is primarily regulated by three main 
mechanisms: the enteric nervous system, gastrointestinal hormones, and the autonomic 
nervous system (Frandson et al., 2003). These three main mechanisms also regulate 
secretions from glands in the gastrointestinal tract. The enteric nervous system is made up of 
neural plexuses, which contain complete neurons that form neural and reflex circuits, 
between layers of smooth muscle located within the wall of the digestive tract (Frandson et 
al., 2003). In the presence of digesta and distension of the digestive tract a stimulus is sent to 
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activate the enteric nervous system. The epithelial lining of the digestive tract contains 
endocrine cells which are responsible for the release of gastrointestinal hormones. These 
hormones may stimulate or inhibit the smooth muscle of the gastrointestinal tract. In 
response to digesta in the lumen of the cecum gastrointestinal hormones are released, which 
play a major role in the local regulation and coordination of the digestion of feed (Frandson 
et al., 2003). 
The rate of passage of digesta through the fore gut is significantly faster when 
compared to the rate of passage through the hindgut. In the equine foregut, the stomach is 
quite small. It only has a capacity of 8 to 15 liters and comprises 10% of the digestive tract 
capacity. Due to the stomach's limited capacity, ingested feeds are in the stomach for less 
than 2 hours before traveling to the small intestine. The small intestine comprises 30% of the 
digestive tract (Evans, 1981). The small intestine holds 40 to 50 liters and is 15 to 22 meters 
in length. lngesta pass through the small intestine and reach the cecum 2 to 8 hours after 
ingestion. Typically, feed enters the cecum approximately 4 hours post-feeding. The cecum 
is 0.9 to 1.2 m in length and holds 25 to 35 liters (Lewis, 1996). Digesta may remain in the 
cecum for up to 5 hours if more food is ingested. It may stay in the cecum for longer than 5 
hours if additional food is not ingested (Clarke and Bauchop, 1977). Strong muscular 
contractions mix the feed in the cecum while two separate sphincters on either end close off 
the cecum from the rest of the digestive tract (Frape, 1998). Passage of ingesta through the 
colon takes significantly longer, and occurs over a period of 36 to 48 hours after ingestion. 
The large colon is 3 to 3.7 meters long and holds 50 to 60 liters. The small colon is 3 meters 
long and holds 18 to 19 liters. The cecum, large colon, and small colon comprise 60% of the 
digestive capacity for the entire digestive system (Lewis, 1996). 
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The horse's digestive system works efficiently to extract the most digestible materials 
before fermentation. The small intestine mammalian enzymes are then able to assist in more 
efficient digestion of soluble material, such as starches and sugars. This yields glucose as a 
major end product of carbohydrate digestion for the animal. Undigested starch and fiber are 
carried back and will be fermented in the cecum and colon. The equine cecum is remarkably 
similar to the bovine rumen. However, equine are less efficient in fiber digestion than bovine 
because of the faster rate of passage of digesta through the equine large intestine when 
compared to the bovine forestomach (Argenzio, 2004). 
Nutrient Absorption and Degradation in the Cecum 
The equine cecum serves as a fermentation vat, and is responsible for the absorption 
and breakdown of essential nutrients from the digesta. The major site of water absorption is 
in the cecum and colon. The bacteria in the cecum serve to break down cellulose into 
volatile fatty acids (VFA). The primary VF As of importance to the digestive system of the 
horse are acetic acid, propionic acid, and butyric acid (Evans, 1981 ). The cecum plays an 
important role in the degradation and absorption ofVFAs (Booth, 2000). Soluble 
carbohydrates also reach the cecum and are converted to VF As for use by the horse. The 
cecal bacteria are able to use small amounts of non-protein nitrogen for microbial protein 
synthesis and for assisting in increasing nitrogen retention (Evans, 1981 ). By providing 
nitrogen for microbial protein synthesis a reservoir of microbes will be formed for further 
fermentation of the dietary carbohydrates into VFAs (Argenzio, 2004). Acetate, butyrate, 
propionate, and lactate are the main VF As that are easily absorbed by the cecal and colonic 
mucosa. In the horse, acetate, butyrate, and propionate are the critical VF As that provide a 
significant source of energy to the animal. The VF As produced by the micro flora in the 
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cecum are capable of providing up to 70% of the energy requirements of the horse (Currie, 
1988). This is due to the fact that the horse has a rapid small intestine transit time, which 
permits large portions of soluble carbohydrate to reach the large intestine thus allowing for 
greater production of VF As (Argenzio, 2004). Limited amounts ofB vitamins and amino 
acids are also synthesized by the microflora, and absorbed in the equine cecum (Evans, 
1981 ). 
The primary site of fermentation and microbial digestion of cellulose in the horse is 
the cecum. When compared to digestion in the equine foregut there are obvious advantages 
for the microbial fermentation of the hind gut. Digestive enzymes in the small intestine 
cannot degrade and utilize the beta-1, 4 polymers of cellulose that the cecal microbes of the 
hindgut can utilize (Booth, 2000). In addition, the horse is able to utilize pectin, cellulose, 
and hemicellulose through microbial fermentation. Also, microbiota in the cecum synthesize 
B vitamins, vitamin K, and essential amino acids (Booth, 2000). Much of the fiber and about 
one-half of the soluble carbohydrate that is ingested is digested in the cecum. Following 
digestion, these nutrients are absorbed from the cecum, and some bacterial protein is 
produced, digested, and absorbed in the cecum (Lewis, 1996). 
Following the ingestion of carbohydrates, the process of fermentation begins. 
Carbohydrate fermentation occurs in two main stages. The first stage is primary 
fermentation where the production of small intermediaries such as succinate, fumarate, and 
lactate occur. The second stage is secondary fermentation which provides for additional 
conversion of the products formed in primary fermentation into VF As (Currie, 1988). 
The micro flora in the cecum is essentially important to the digestive system of the 
horse. The microbes aid in digestion by transforming and solubilizing otherwise insoluble 
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dietary components such as cellulose. In addition, the microbes aid in digestion by assisting 
in the transformation of feed materials into elements of the microbial biomass, assisting to 
decrease the size of fibrous feed to allow passage through the cecocolic orifice, and 
production of VF As (Currie, 1988). 
With changes in the diet, there are resulting changes in the products of fermentation 
and in the microbial population. When the horse consumes a diet of lush pasture, mastication 
may release up to 70% of the contents of the plant cell, which yields soluble material for 
rapid fermentation (Currie, 1988). On the other hand, a horse consuming a diet of a more 
fibrous feed, as in poor quality hay, would yield only tiny amounts ofreadily solubilized 
components for a slower fermentation process. Any abrupt major adjustments in the diet 
may produce abnormal fermentations, which can lead to digestive dysfunction, malaise, 
metabolic disturbances, and other health problems for the horse (Currie, 1988). 
Cecal Environment 
The cecal environment is favorable to thriving microbial growth and metabolism. 
The average temperature in the cecum is approximately 37° C, which is similar to the horse's 
normal body temperature. The normal pH range in the cecum extends from 6.5 to 7.5, but 
can vary depending on the type of feed ingested. The pH typically remains close to a neutral 
state. In the cecum, the oxygen tension is low and the oxidation reduction potential is often 
-200 m V (Booth, 2000). Both facultative anaerobic and anaerobic bacteria thrive in this ideal 
environment (Mackie and White, 1997). More than 80% of the microbes in the equine 
cecum are identified as anaerobic. This environment of low oxygen tension and reduction 
potentials allows for the anaerobic microflora to thrive (Booth, 2000). 
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Many microbial niches are found within the cecum. The niches are supported by a 
complex cecal environment consisting of a liquid phase and a floating solid mass of digesta 
phase (Bonhomme-Florentin, 1988). The predominant cellulolytic bacterial species of the 
equine cecum is Ruminococcus jlavefaciens (Julliand et al., 1999). At lower levels, 
Fibrobacter succinogenes and Ruminococcus a/bus are also present and play an important 
role in the equine cecum (Julliand et al., 1999). 
Entering the cecum from the ileum the digesta is typically isotonic with plasma. The 
main cation in cecal digesta is sodium with concentrations between 100 to 128 mM. The 
concentrations of potassium are typically lower, ranging from 9 to 57 mM. The predominate 
anion in digesta is chloride with a range of 25 to 66 mM. Sodium concentrations decline and 
potassium concentrations increase as digesta travels through the hindgut (Booth, 2000). 
Sodium and chloride concentrations decline in unison, which reflects their absorption within 
the cecum. Due to the production by cecal microbes, the concentration of VF As also 
increases greatly in the cecum (Mackie and White, 1997). 
Effects of pH on the Equine Cecum 
Diet Influences on Cecal pH 
With constant temperature, pH, and oxygen tension the equine hindgut provides the 
perfect environment for microbes to flourish. The microbes in the hindgut thrive on the 
many different substrates produced from the digesta. This allows for a great variety of 
microflora within the cecum. However, the microorganisms that inhabit the cecum can be 
affected by the composition of the diet. A significant decrease in cecal pH can be seen in the 
horse after the ingestion of low fiber, high energy concentrates such as com. The cecal pH 
shows the most significant decrease between 4 and 8 hours post feeding, following the 
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ingestion of low fiber, high energy concentrates (Booth, 2000). The increase in VF A 
concentrations of lactate in the cecum appears to be linearly correlated with the decrease in 
cecal pH (Radicke et al., 1991). Sudden changes in the equine diet from roughage to 
concentrate will result initially in greater numbers of viable bacteria; however, after 72 hours 
a major decline in bacterial numbers will be seen. 
Starch utilizing bacteria make up 73.1 % of the total population of bacteria when hay 
alone is fed. If concentrates are added to the diet the total population of starch utilizing 
bacteria increases from 73.1 % to 85.2% of the total population (Booth, 2000). In addition, 
when concentrates are fed the number of lactate utilizing bacteria will increase from 26.1 % 
to 33.5%, but the number of bacteria that utilize pectin and xylan will decline as more 
concentrate is ingested (Goodson et al., 1988). If the fiber content of the diet is increased, 
the proportion of propionate will decrease and the proportion of acetate will increase (Mackie 
et al., 1997). 
Microbes in the cecum prefer different optimum pH values. The primary cellulolytic 
bacteria, secondary bacteria (lactate-utilizing propionates or hydrogen-utilizing 
methanogenic bacteria), and protozoa require a pH of 6.2 or higher to survive (Leek, 2004). 
The primary amylolytic bacteria like a slightly more acidic environment with an optimal pH 
around 5.8. The lactic acid producing lactobacilli become the dominant species in the more 
acidic pH environments lower than 5. 7. This makes the cecal environment even more acidic, 
thus becoming an undesirable location to the usual mixed population of cecal microbes 
which can lead to digestive disturbances in the horse (Leek, 2004). 
If sudden major changes are made to the diet, it takes approximately 2 weeks for the 
new population of microbial species to become balanced and for microbial numbers to 
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become established. Therefore, changes to the equine diet need to be done gradually (Leek, 
2004). However, in situations of induced carbohydrate overload, or the ingestion of large 
amounts of concentrate with minimal roughage intake, the lactic acid-producing bacteria will 
dominate the hindgut environment. This will cause a decrease in cecal pH due to the 
increased amount of lactic acid in the cecum. The decrease in cecal pH will cause a decline 
in many of the viable bacterial species (Booth, 2000). When the bacterial death occurs, it 
leads to the release of the lipopolysaccharide residue from the bacteria cell wall (endotoxins) 
into the bloodstream of the animal. Large amounts of endotoxins along with high 
concentrations of lactic acid will cause damage to the intestinal mucosa. The mucosal 
damage will signal a histamine release and with the increasing absorption of endotoxins into 
the bloodstream the onset oflaminitis will occur (Gamer et al., 1978). This demonstrates 
that a decrease in cecal pH can be very detrimental to the equine hindgut environment. 
pH Buffering Components 
Buffering Components within the Equine Cecum 
The volatile fatty acids produced from fermentation and microbial digestion could 
lower the pH of the cecal contents to potentially damaging levels. The epithelium of the 
cecum and colon secrete bicarbonate ions that work to buffer the pH of the cecal and colonic 
contents. Bicarbonate ions are also secreted by the epithelium of the ileum of the small 
intestine which functions to assist in buffering the pH of the cecal contents (Frandson et al., 
2003). 
The cecum and colon of the horse are very active sites for fermentation. In equine, 
the dig es ta in the hind gut are not buffered by saliva like the contents in the rumen of bovine 
(Rowe et al., 1995). Therefore, an accumulation of acid can occur with the rapid 
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fermentation of starches. This can be devastating to the animal. Feed products that buffer 
acidic conditions in the equine hindgut will help to prevent the negative consequences 
associated with feeding high-concentrate diets (Rowe et al., 1995). 
pH Buffering Components in Feed 
Some farms regularly use buffers and alkali products to alter digestive pH. Often, 
these are used where acidic feeds, such as silage for cattle, or large amounts of concentrates 
are fed to both cattle and horses. Both acidic feeds and feeding large amounts of 
concentrates can cause low ruminal and cecal pH conditions and thus reduce productivity and 
feed utilization (Leek, 2004). 
Use of Probiotics 
Use of Yeast Cultures in Animal Diets 
Probiotics are living cells administered as a form of feed supplement with the goal of 
improving the digestive health of the animal (Allison, 2004). They influence the microflora 
in the recipient. Probiotics can be phage, fungi, bacteria, or yeast. Products of this nature 
may play a role in improving the growth of animals, developing better immunity, aiding in 
lactose intolerance, and suppressing diarrhea (Booth, 2000). Probiotic feed supplements 
entail the addition of a dried form of certain active microbes that are advantageous in 
particular dietary conditions because of their fermentation pathways. Effective probiotics are 
believed to restrain the colonization of damaging microflora. They also play a role in 
stimulating the immune system of the animal and influencing the metabolic actions of the 
animal (Fuller, 1997). 
Specific yeast species have been shown to have commercially beneficial effects on 
the fermentation of concentrate rich, low roughage diets. However, since the yeast species 
12 
are foreign to the natural environment they undergo only limited proliferation, and cannot 
find permanent establishment; therefore, they need to be added repeatedly (Leek, 2004). On 
the other hand, the attachment of the yeast cultures to the epithelium of the intestine is not 
entirely essential. If the product is administered continuously, similar results of attachment 
can be achieved with the rapid growth of the yeast cultures (Fuller, 1997). 
In preliminary trials, yeast cultures absorb partially hydrolyzed starch molecules, at 
the 3 to 9 unit glucose chain length. This reduces the availability of the lactate-producing 
bacteria's favorite substrate, which then results in less lactic acid being produced. With less 
acid being produced, the cecal pH does not drop below the limits for cellulolytic bacterial 
activity, which prevents cellulolysis from being impaired (Leek, 2004). Theoretically, the 
growth, restricted multiplication, and death of the added yeast cultures would increase the 
total protein available in the cecum. A portion of this would then become available to the 
horse. Increased efficiency of feed utilization would then be seen because of the overall 
increase in the yield of microbial protein and VF As, along with the decrease in the 
production of lactate and methane. Overall, an increased efficiency of feed utilization is 
provided by the addition of the yeast cultures into the diet (Leek, 2004). 
Horses fed high concentrate diets consume large amounts of starch. A section of the 
total starch digested passes undigested to the hindgut, where rapid fermentation occurs. This 
process of rapid fermentation can lead to very low pH. One possibility to buffer the pH in 
the hindgut is the addition of a buffering component in the feed, such as virginiamycin 
(Rowe et al., 1995). Virginiamycin is effective in controlling acid accumulation and the 
build up of lactic acid, even in equine consuming high-concentrate diets (Rowe et al., 1995). 
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Investigation of Yeast Culture use with Equine 
Effects of Yeast Culture Supplementation 
Many nutritionists and feed companies have set a goal to improve the digestibility of 
nutrients in equine diets. Supplementing yeast cultures into equine diets may prove to be one 
method to positively affect the digestibility of essential nutrients. Yeast has been used for 
numerous decades in brewing and baking; however, its additive effects in animal diets have 
just recently received some attention. Supplementing yeast cultures into equine diets can 
increase microbial populations, growth, nitrogen retention, and fiber digestibility in the 
gastrointestinal system (Switzer et al., 2003). Probiotics, such as yeast cultures, are often 
used to assist in establishing a normal healthy population of micro flora in the gut because of 
their believed ability to improve absorption of nutrients in the large intestine (Higginbotham 
and Bath, 1993). 
Increases in feed costs have developed an increased urgency to analyze the efficiency 
of utilization of nutrients by the horse, in order to develop better methods for cost efficiency 
through nutrient utilization. The digestibility of nutrients appears to decline with the 
increasing age of the horse; thus in aged equine nutritionally related challenges, such as 
maintaining a healthy weight, are seen more often (Switzer et al., 2003). Several feed 
companies have developed feeds designed specifically for the needs of older horses. One 
method to increase the nutrient utilization in older horses may be to supplement yeast 
cultures into their diets (Switzer et al., 2003). 
Nonetheless, the data from studies testing the effects of yeast cultures on animal 
health have yielded inconsistent results. The effectiveness of the treatment appears to be 
influenced by many different factors. The performance of the animal is seriously affected by 
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the preparation of the yeast. If the yeast products are improperly stored, contaminated, or not 
the correct species of yeast they will prove to be ineffective (Booth, 2000). Furthermore, the 
diet of the recipient animal will have a direct effect on how the yeast cultures affect the 
animal and the condition of the animal will also influence the data collected. Animals that 
are sick or stressed tend to show a greater positive response to probiotic supplementation, 
while less effect is seen in healthy animals living in good quality management situations. 
The effectiveness of the product is also dependent on the production stage of the horse 
(Booth, 2000). 
Data from a study conducted by Switzer et al. (2003) showed that the addition of 
yeast cultures into the diets of aged horse at 4.54 kg/909 kg BW positively affected the 
digestibility of Mg and CP. However, they found that the yeast cultures had no effect on the 
apparent digestibility of ADF, NDF, DM, and P (Switzer et al., 2003). 
Supplementing yeast cultures may also serve to modify the hindgut environment. 
Medina and others (2002) investigated the effects of a high-starch diet or a high-fiber diet 
that was fed with or without the inclusion of 10 g of a Saccharomyces cerevisiae preparation. 
A starch overload was provided with the high-starch diet but the animals still had a high fiber 
intake. With the high-starch diet the concentration of total lactic acid-utilizing bacteria 
increased (P < 0.001) and a decline in the number of cellulolytic bacteria in the cecum was 
observed (P < 0.05) (Medina et al., 2002). In addition, the number of streptococci bacteria 
and lactobacilli bacteria increased (P < 0.001) in the cecum (Medina et al., 2002). The 
changes in the microbial profiles were directly correlated with the decline of pH, changes in 
the VFAs ratio, and with the increase in concentration oflactic acid. In this study, all of the 
effects occurred as a direct result of the high-starch diet. Supplementing yeast cultures, 
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resulted in an increase in the concentration of viable yeast cells in the cecal contents. The 
supplementation of the S. cerevisiae had no effect on cecal microbial counts. The addition of 
yeast cultures to the high-starch diet appeared to alter (P < 0.05) the pH, concentration of 
lactic acid, and percentages of VF As. The greatest effect of the yeast culture 
supplementation was seen in the cecum. The effect of an addition of yeast cultures to the diet 
appeared to minimize the undesirable changes to the cecal environment, when the breakdown 
of starch in the small intestine was flooded (Medina et al., 2002). 
In vivo trials were designed to show that yeast cultures could improve nutrient 
digestibility in adult horses. Following the addition of yeast cultures to the diet, Webb and 
others (1985) found no significant progress in the digestion of protein and energy. Progress 
in digestive efficiency was not demonstrated in this study because the authors felt that the 
product was not fed in a high enough concentration. Webb et al. (1985) hypothesized that 
too much of the product was broken down in the stomach and small intestine; therefore, 
limiting the amount to reach the large intestine and denying its potential to improve the 
intestinal microflora (Webb et al., 1985). 
When compared to the control, the addition of yeast cultures increases OM 
digestibility at 24 hours and considerably improved the production of acetate in a study 
conducted by Lattimer et al. (2005). Additionally, in horses fed a high-fiber diet the yeast 
culture tended to decrease ammonia concentrations. However, there was no significant effect 
on pH, microbial populations, or lactate production. Also, no effect of the yeast culture was 
observed on DM, NDF, or ADF digestibility values (Lattimer et al., 2005). Data presented in 
this study shows the efficacy of yeast culture supplementation to equine to be minimal. Even 
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though a few of the parameters were altered significantly in this trial, these alterations would 
be only of slight importance to the bigger picture (Lattimer et al., 2005). 
Even though previous studies are to some extent conflicting in their results, the use of 
yeast cultures in equine diets is thought to improve feed efficiency. An increase in bacterial 
concentrations can be measured indirectly by measuring VF A production and cecal pH. 
Changes in cecal pH and increased VF A production are directly correlated with improved 
populations of microbes in the cecum. Lactate and cellulose-utilizing bacteria concentrations 
in the cecum will also increase with the improved microbial populations. The newly 
enhanced microbial population will increase the removal of harmful lactate in the animal and 
it will be better able to utilize forage in the diet (Booth, 2000). In this instance, yeast proves 
to be a beneficial feed supplement to the animal. 
Investigation of Yeast Culture use with Other Species 
Effects of Yeast Culture Supplementation in Bovine 
Trials testing the effects of yeast culture supplementation in cattle have provided 
different results. In older ruminants, it was hypothesized that the addition of both yeast 
cultures and live Lactobacillus to the animal's diet would have an effect on VFA formation, 
increase concentrations of cellulolytic bacteria, and modify ruminal pH (Dawson et al., 
1990). However, supplementing both yeast cultures and Lactobacillus had no significant 
influence on VF A production or on ruminal pH. Also, no major influences were observed on 
the concentrations of enterococci or lactobacilli. The supplementation of yeast cultures and 
Lactobacillus did, however, increase the concentration of rumen cellulolytic bacteria 
(Dawson et al., 1990). 
17 
Two trials were conducted by Beauchemin et al. (2003) to establish if improved feed 
utilization and decreased risk of acidosis in feedlot cattle consuming high-concentrate diets 
would result from supplementing either a bacterial direct-fed microbial alone or with the 
inclusion of yeast cultures into their diets (Beauchemin, 2003). In this study, eight ruminally 
cannulated steers fed a high-concentrate diet were utilized to determine the effects of direct-
fed microbials with or with out the addition of the yeast, S. cerevisiae, on microbial protein 
synthesis, blood characteristics, ruminal fermentation, ruminal pH, and the site and extent of 
digestion (Beauchemin, 2003). In this trial, providing the cattle with the direct-fed microbial 
with the inclusion of yeast cultures changed some of the undesirable effects of consuming a 
high-concentrate diet. The supplementation to the diet in this study had minimal effects on 
ruminal fermentation or concentrations of ruminal microorganisms. The combination of 
Enterococcus faecium EF2 l 2, as the direct-fed microbial, with the yeast S. cerevisiae 
increased the DM digestion of the grain; however, no effects were observed regarding the 
site or extent of nutrient digestion. The incidence of sub-clinical ruminal acidosis, ruminal 
pH less than 5.5 for extended lengths of time, was high in this study due to the consumption 
of highly fermentable diets. Limited effects were noted on the reduction of ruminal acidosis, 
regardless if the diet was supplemented with the direct-fed microbial alone or with the 
addition of the yeast culture. Despite low ruminal pH, it appears that the cattle were able to 
maintain comparatively high fiber digestion and high feed intake, if they were previously 
adapted to a high-grain diet. The direct-fed microbial and the yeast culture may have been 
more effective if a com-based diet, instead of a barley-based diet, was fed to the feedlot cattle 
(Beauchemin, 2003). This study supports previous research that yeast's beneficial effects are 
more prevalent in forage-based diets when compared to high-concentrate diets (Sullivan and 
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Martin, 1999). In feedlot cattle that had previously been adapted to high-grain diets, the 
yeast and bacterium used in this study were of limited value (Beauchemin, 2003). 
It is essential to find out which type of diet would benefit the most from the 
supplementation of the live yeast culture, S. cerevisiae. Mir and Mir (1994) conducted a 
study to look at the effects of the addition of yeast with different diets than those previously 
studied. They fed 10 g/steer of live yeast cultures per day with three different diets of either 
75% alfalfa silage and 25% barley (diet 1), 96% com silage and 4.0% soybean meal (diet 2), 
or 75% dry-rolled barley and 25% alfalfa hay (diet 3). The same diets were fed to the control 
steers except without the addition of the yeast cultures. Feed efficiency for the com silage 
diet was lower for the control steers versus the steers that received the yeast in their diet (Mir 
and Mir, 1994). For performance and carcass characteristics (steers were slaughtered and 
backfat was measured using ultrasonography), no differences were observed between the two 
treatment groups in all three of the diets. In steers receiving the alfalfa silage diets with the 
addition of the yeast cultures, a decreased rate of degradation of the diet DM was observed. 
In this study, the addition oflive yeast to the diet of the steers did not result in any significant 
effects on feed utilization (Mir and Mir, 1994). 
In some of the studies that have been conducted using steers fed diets containing an 
excess of 40% concentrates, the addition of yeast cultures has had a positive effect. In diets 
fed to growing steers, Adams et al. (1981) reported that feed intake was improved with yeast 
culture supplementation. Huges (1987) also reported that with the addition oflive yeast to 
the animal's diets, the growth performance of bulls was significantly improved. However, 
these studies used a higher concentrate diet than is typically fed to growing beef steers 
(Adams et al., 1981; Hughes, 1987). 
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Yeast culture supplementation into bovine diets has yielded conflicting results. In 
work done by Adams et al. (1981), minimal effects on ruminal pH, VFA, ammonia 
concentrations, and fiber digestion were observed after the addition of yeast to the diet. 
Conversely, different researchers reported increases in fiber digestion and ruminal 
fermentation after the addition of yeast cultures into the diets (Martin et al. , 1989; Wiedmeier 
et al., 1987). In a more recent study, it was observed that a S. cerevisiae culture appeared to 
stabilize the environment of the rumen. This was accomplished in steers fed rolled barley 
and hay by buffering the decrease in ruminal fluid pH (Williams and Newbold, 1990). In the 
ruminal fluid of the steers, the higher pH was correlated with to a lower concentration of 
lactate. This suggests that the yeast may affect lactate metabolism, which could be because of 
the yeast increasing the lactate utilization by the ruminal microorganisms that ferment lactate 
(Williams and Newbold, 1990). By increasing the lactate-utilizing capability of bacteria in 
the rumen, the ruminal fluid pH will be stabilized. Therefore, antibiotics will not be 
necessary due to the supplementation of yeast cultures into the diet. This will improve the 
performance of steers by overcoming ruminal acidosis and the economic losses that are 
associated with it (Nisbet and Martin, 1991 ). 
On the dairy side of the bovine industry, yeast culture supplementation appears to 
have had some positive effects. An increase in milk yield has been reported in lactating dairy 
cows that are supplemented with a microbial fermentation product along with yeast cultures 
(McGilliard and Stallings, 1998). Cattle fed treatment diets produced substantially higher 
amounts of milk with a lower percentage of fat. Conversely, there were no significant 
differences in protein percentages between cattle fed control and treatment diets. Therefore, 
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the low amount of acetate in the mammary tissue also caused the milk fat synthesis to be 
reduced (McGilliard and Stallings, 1998). 
In work done by Kung et al. (1997), a live yeast and enzyme supplement was fed 
twice daily with a diet of 50% forage and 50% concentrate (DM basis) to dairy cows. No 
effect from the supplement was seen on pH or on the major fermentation acids (Kung et al., 
1997). After 24 hours the yeast was not detectable in the digestive system, showing a 
constant decrease after the last supplement when the yeast was fed. The supplement was fed 
at 0, 10, or 20 g/d to high producing cows in early lactation. Cows fed 20g/d of the 
supplement produced 38.0 kg of milk/d and milk production was 39.3 kg/d and 36.4 kg/d 
from cows fed lOg and Og of the yeast/d, respectively (Kung et al., 1997). The addition of 
the yeast and enzyme supplement had a small effect on milk production. One explanation for 
the slightly improved milk production in dairy cattle fed yeast is a greater flow of microbial 
protein and an improvement in amino acids to the duodenum. Stage of lactation, diet, and 
interactions among the yeast may have also been responsible for the differences in milk 
production (Kung et al., 1997). 
Effects of Yeast Culture Supplementation in Porcine 
Yeast culture supplements fed to swine produced comparatively positive but 
inconsistent results. With increased concerns in regards to the use of antibiotics in swine and 
the possible ban on the use of sub-therapeutic levels of antibiotics, the assessment of the 
effectiveness of probiotics becomes vital to the industry. Research conducted by Van 
Heugten et al. (2003), suggests that the supplementation oflive yeast may be useful in 
enhancing nursery pig performance. However, their results were inconsistent, and in the first 
trial, fecal microflora and nutrient digestibility were not affected by the supplementation of 
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yeast (Van Heugten et al., 2003); although, in the second experiment ADG was 10.6% 
greater and ADFI was 9.4% greater in the pigs that had yeast supplemented into their diet. In 
the second experiment, yeast supplementation also decreased total bacteria and fecal 
lactobacilli. In the first experiment, in the pre-starter phase the yeast decreased the 
digestibility ofDM, GE, and fat and in the starter phase the addition of yeast decreased the 
digestibility ofDM, GE, fat, and P. Overall, supplementation oflive yeast had a positive 
effect on the performance of nursery pigs when their diet also contained growth promoting 
antimicrobials (Van Heugten et al., 2003). 
In a similar study, weanling pigs were fed a diet with the inclusion of a live S. 
cerevisiae culture to determine if the performance benefits of adding live yeast cultures to the 
diet are connected to alterations in intestinal microflora or their resulting products (Mathew 
et al., 1998). The results showed an increase in total intake for the pigs fed the yeast diets 
when compared to the control diet pigs. Overall gains tended to be less for the pigs fed the 
diets without the addition of the live yeast cultures, along with greater gains seen for the pigs 
consuming the diets with the yeast. Differences were not seen in VF As concentrations or for 
ileal microflora samples obtained from various regions for the digestive tract (Mathew et al., 
1998). In this particular study, the intake and performance parameters were affected by the 
addition of live yeast cultures to the diets of the weanling pigs; however, intestinal microflora 
and net concentrations of fermentation products were not altered. The yeast culture used in 
this trial did not appear to act through the improvement of valuable bacteria such as 
lactobacilli or through competition with other microbes (Mathew et al., 1998). Overall, the 
data indicates that the enhancement of the performance parameters did not result from 
changes in the microflora populations or in the changes in the fermentation products. This 
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suggests that the benefits could come directly from the added yeast culture in the swine diets 
(Mathew et al., 1998). 
Effects of Hindgut Modification with Equine 
Researchers are continuously attempting to modify the equine hindgut environment in 
order to provide nutritional advantages to the animal. The most advantageous method of 
altering the equine hindgut has not yet been elucidated. Numerous methods are possible; 
however, an alteration in the microorganisms of the equine hindgut has gained the most 
popularity. 
One such alteration is in the protozoa of the equine hindgut or bovine rumen. Several 
studies have been conducted to determine the involvement of protozoa in digestion in the 
rumen (Hobson and Jouany, 1988; Williams and Coleman, 1988). On the other hand, very 
few studies have been conducted to determine the involvement of protozoa in digestion in the 
equine hindgut. The role between the rumen and the cecum protozoa could be different, due 
to the fact that the protozoa in the equine hindgut are from different families than those 
located in the rumen. The initial digestion is typically different between bovine and equine 
which will cause the nutrients available to the hindgut protozoa to differ also. The substrates 
obtainable for fermentation are expected to change with the consumption of different feeds. 
Moore and Dehority (1993) conducted research to determine the effects of modifying 
the equine hindgut. It was to be determined if the effect of the removal of protozoa from the 
hindgut would play a role in the digestion ofDM and cellulose in the cecum and colon, using 
a high-concentrate or a high-forage diet (Moore and Dehority, 1993). Additionally, the 
researchers had a second objective to determine the effect of two variables, the removal of 
protozoa from the hindgut and the diet, and then study its effect on total, cellulolytic 
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bacterial, and fungal concentrations in the equine hindgut (Moore and Dehority, 1993). The 
results of this study show that in the equine hindgut, protozoa do not have a crucial function 
in the fermentation of feedstuffs (Moore and Dehority, 1993). The removal of protozoa from 
the hindgut resulted in only a slight decline in DM digestibility and had no effect on the 
digestibility of cellulose (Moore and Dehority, 1993). In addition, no effect on total or 
cellulolytic bacterial concentrations were noted; however, total bacterial concentrations were 
higher in the hindgut when the high-concentrate diet was fed (Moore and Dehority, 1993). 
Use of Mobile Bag Trials for the Analysis of Buffering Capacity 
The mobile bag trial technique offers a quick and simple method for evaluating the 
digestibility of different equine feeds. The mobile bag technique can also be used to analyze 
the pH buffering capacity of specifically designed feeds. Research has been conducted to 
study the digestibility of different feeds in both bovine and porcine, but limited research 
exists on analyzing the buffering capacity of feeds supplemented with probiotics. 
The mobile nylon bag technique was first suggested by Sauer et al. (1983). The 
mobile nylon bag technique offers a comparatively quick and economical method to measure 
porcine digestibility of different feeds. It is also advantageous due to the small amounts of 
feed required. Predigested nylon bags (in vitro) containing 0.5 to 1.0 g of feed material were 
inserted into the duodenum via a T-cannula, and then collected in the feces (Sauer et al., 
1983). The bags were then analyzed for apparent fecal digestibility or apparent ileal 
digestibility of CP. It was observed that the estimates of digestibility of CP by the mobile 
nylon bag technique was less than that determined by conventional methods (Leibholz, 1991; 
Sauer et al., 1983). This could be due to several outside variables affecting the study. Yin et 
al. (1995) reported conflicting results to those previously reported by Sauer et al. (1983). 
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The apparent ileal digestibilities of CP and AA were higher when analyzed with the mobile 
nylon bag technique than with conventional methods (Yin et al., 1995). 
Research conducted by Yin et al. (2002) found several factors to be responsible for 
differences in digestibilities of CP and AA when comparing the mobile nylon bag technique 
and conventional methods. The mobile bag technique may provide a quick and easy method 
to assess digestibility of porcine feed ingredients. The researchers in this trial noted that 
differences in handling of the retrieved bags, anti-nutritional factors present in the feedstuff, 
fineness of grinding, and sample size could be factors responsible for the differences found 
between conventional methods and the mobile bag technique (Yin, 2002). Overall, the 
mobile nylon bag technique proves to be the quickest most cost effective method for 
analyzing nutrient digestibilities in various animal feeds. 
Previous research is limited to understand the utilization of the mobile bag technique 
in horses. In order to measure the starch digestibility of oats, com, and barley by equine the 
mobile bag technique was used by de Fombelle et al. (2003). This study intended to 
characterize the digestion, along the entire fore gut portion of the digestive tract, of two 
different pelleted meals (de Fombelle et al., 2003). Of the total mobile bags collected, 
approximately 45% were collected in the stomach contents. In a separate set of horses 
approximately 77% of the mobile bags were collected in the small intestine (de Fombelle et 
al., 2003). However, the mobile bags collected in this study were done with the horses under 
general anesthesia. The horses were then euthanized at the completion of the study. The 
results show that at least 30% of the starch from com and 20% of the starch from the barley 
was carried back to the hindgut after pre-cecal digestion (de Fombelle et al., 2003). This 
could lead to health problems and microbial disturbances in the hindgut. 
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Research has been conducted to evaluate the digestibility of equine, bovine, and 
porcine feeds through the mobile nylon bag technique. Previous research to evaluate the use 
of the mobile bag technique without resulting in euthanizing the animals, especially equine, 
is limited. In addition, limited work has been done using the mobile bag technique to study 
the buffering capacity of feeds supplemented with probiotics, such as the yeast culture S. 
cerevisiae. 
Implications/Equine Colic and Laminitis 
In equine, abruptly changing the diet from forage to concentrate or overloading the 
diet with concentrate have both shown to be leading factors in causing colic or laminitis 
(Goodson et al., 1988). In horses fed a high-concentrate diet versus horses fed a high-forage 
diet, it was observed that the cecal pH was considerably lower at 4, 5, and 6 h post-feeding in 
the high concentrate diets (Willard et al., 1977). It is presumed that significant changes are 
occurring in the population of microbes in the equine hindgut when abrupt dietary changes 
are made which then leads to the detrimental illnesses, colic and laminitis (Goodson et al., 
1988). 
Colic is commonly referred to as any acute disease of the equine abdomen that is 
connected with signs of pain in the animal (Vervuert and Coenen, 2003). Poor feeding 
management and mistakes in feeding will often result in a several fold increase in the 
incidence of colic. One of the common forms of colic in the cecum is impaction with 
ingested feed (Vervuert and Coenen, 2003 ). In order to minimize the risk of equine colic a 
great feeding management program is essential. This includes ideal feeding management in 
the choice of feedstuffs, amount ofroughage and concentrate, feeding frequency, feedstuff 
quality, and water supply (Vervuert and Coenen, 2003). Feeding concentrates with a high 
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pre-cecal starch digestibility is also important, in order to minimize the starch flow into the 
large intestine. Large amounts of starch allowed to reach the equine hindgut can lead to 
considerable alterations in microbial fermentation, which is a predisposing factor for both 
colic and laminitis (Vervuert and Coenen, 2003). 
Colic is a debilitating medical problem in equine that often results in death of the 
animal (Mackie and Wilkins, 1988). The initiating cause of colic is often gastrointestinal 
disturbances, resulting in abdominal discomfort to the animal. The enigma of the various 
forms of colic has challenged clinicians and horse owners for centuries (Mackie and Wilkins, 
1988). Approximately, 50% of all colic related deaths in equine are related to or caused by 
circumstances in the large intestine (Ralston, 2001). Gas distension, impaction with feed 
material, intussusceptions, volvulus, and rupture secondary to parturition are all pathogenic 
events that involve the equine cecum (Ralston, 2001). 
Equine colic has a major impact on the horse industry. Equine practitioners rank 
colic as the number one medical problem of adult horses (Traub-Dargatz et al., 1991). In the 
United States, the annual cost of colic in 1998-1999 was estimated to be around 
$115,300,000 (Traub-Dargatz et al., 2001). Out of the total horse population in the United 
States, the annual national incidence of colic in 1998-1999 was estimated to be 4.2 colic 
illnesses/100 horses/year (Traub-Dargatz et al., 2001). However, in previous years the colic 
incidence rate was greater with 10-26 cases/100 horses reported (Tinker et al., 1997; 
Uhlinger, 1992) The fatality rate for colic illnesses was 11 % and colic illnesses that resulted 
in surgery totaled 1.4% in the United States in 1998-1999 (Traub-Dargatz et al., 2001). Due 
to the high case fatality rate and the significant annual cost, the impact of equine colic is very 
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substantial and plays a major role in affecting horse owners everywhere (Traub-Dargatz et 
al., 2001). 
There is an increased risk of colic in horses fed large amounts of grain (Harper, 
2003). Feeding large amounts of concentrates is often compounded with stabled horses that 
do not receive sufficient daily exercise, and thus an increased risk of colic is seen (Harper, 
2003). Aside from poor feeding practices, the three most dangerous management factors 
associated with an increased risk of obstruction and distension colic are: stabling for 24 
hf day, cribbing or wind-sucking, and traveling in the previous 24 h (Hillyer et al., 2002). 
Management factors are of substantial significance due to the fact that they are alterable. 
Changes between any types of grain have been connected with an amplified risk of colic in 
equine also (Cohen, 2003). Additionally, when feeding poor quality or moldy hay an 
increased risk of colic is also seen. On the other hand, horses allowed access to continual 
grazing in pastures have been associated with a decreased risk of colic (Cohen, 2003). This 
is because the digestive system of equine is designed for small, continuous meals. 
Another digestive disturbance that has a significant impact on the horse industry is 
laminitis. Laminitis is less common than colic, nonetheless, it is still reported in 13% of all 
horse operations and effects 2% of the total horse population annually (Kane et al., 2000). 
With millions of horses being utilized today, 2% being inflicted with laminitis appears to be a 
significant portion of the population that is affected annually (Kane et al., 2000). 
Equine laminitis can be defined as: the malfunction of the attachment between the 
inner hoof wall and the distal phalanx (Pollitt, 1999). The lamellae of the inner hoof wall 
normally suspends the coffin bone (distal phalanx) from the hoof capsule's inner surface 
(Pollitt, 1999). If this fails, the horse is often diagnosed with laminitis. The large amount of 
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weight from the horse and the locomotion forces drive the distal phalanx down into the hoof 
capsule, when the distal phalanx is not properly attached to the inner hoof wall. This will 
crush the corium of the sole, and cause damage to the veins, arteries, and coronet (Pollitt, 
1999). All of these characteristics will result in debilitating pain to the horse that will render 
the horse lame. 
Carbohydrate overload induces vasodilation, which occurs first, and is then followed 
by the onset of laminitis. Some researchers believe that trigger factors that are circulating 
when laminitis occurs active lamellar enzymes (Pollitt, 1999). These enzymes lyse the 
attachments between the inner hoof wall and the coffin bone. As the lamellar architecture 
disintegrates the clinical signs associated with laminitis can be seen (Pollitt, 1999). The 
extent of the lamellar pathology is directly correlated with the pain level of the horse. 
In vitro laminitis can be induced from a substance produced from the bacteria, 
Streptococcus bovis (Pollitt, 1999). S. bovis is found in the equine hindgut and appears to 
activate the lamellar enzymes. Additionally, S. bovis is the principal microorganism 
accountable for the rapid fermentation of carbohydrate to lactic acid during concentrate 
overload in the equine hindgut (Pollitt, 1999). Since S. bovis is in the existence of practically 
infinite substrates, its population will expand exponentially. In the carbohydrate overload 
model, laminitis may be triggered by S. bovis as it enters the bloodstream after crossing the 
mucosal barrier of the equine hindgut (Pollitt, 1999). This may be the triggering factor that 
connects the events of carbohydrate overload in the hindgut with the development of 
laminitis in the equine hoof (Pollitt, 1999). However, to date the exact cause of the 
triggering factors for laminitis has yet to be proven. 
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Laminitis often results from large amounts of undigested carbohydrates being carried 
back into the large intestine (Rich and Breuer, 2002). This causes major alterations in the 
microbial population in the equine hind gut. The release of toxins from the large numbers of 
bacteria expiring triggers the onset of laminitis (Rich and Breuer, 2002). Laminitis occurs in 
three phases: the developmental phase, acute phase, and the chronic phase (Pollitt, 1999). 
During the developmental phase, the lamellar severance is triggered. This precedes any 
manifestation of lameness in the horse. The acute phase then sets in at the onset of clinical 
pain and lameness. This will continue until radiological evidence is found that the coffin 
bone has been displaced within the hoof capsule (Pollitt, 1999). The chronic phase can last 
throughout the horse's life and be associated with a wide range of clinical signs. The signs 
can be mild or severe and often lead to sloughing of the hoof, deformation of the hoof wall, 
advanced lamellar attachment degeneration, and continuous severe pain of the hooves 
(Pollitt, 1999). 
Lactic acidosis in the large intestine is often induced by feeding extreme amounts of 
concentrates and has been considered an imperative cause of the development oflaminitis 
(Gamer et al., 1975; Garner et al., 1977). The products of fermentation cause an 
accumulation of lactic acid and a drop in pH. The decline in pH is primarily due to the 
production of lactic acid (Bailey et al., 2002). An excess of dietary starch will be fermented 
by cecal and colonic Gram positive bacteria which will then produce an excess of lactic acid 
(Bailey et al., 2002). This occurs because of the large portions of undigested starch that are 
permitted to pass into the hindgut of the horse where they are rapidly fermented by Gram 
positive bacteria. This leads to a decrease in Gram negative species and an increase in Gram 
positive bacteria (Gamer et al. , 1975; Garner et al., 1978). An increase in lactic acid-
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producing bacteria and a decrease in cecal pH is also noted (Gamer et al., 1978). The 
microbial activity changes will then lead to laminitis in the horse. The vasoactive amines and 
other toxins released by the termination of the Gram negative species will be absorbed into 
the bloodstream through the damaged intestinal wall (Bailey et al., 2003; Gamer et al., 1975). 
Morphologic and pathologic changes to the cecal mucosal barrier, during the onset of 
laminitis, show substantial damage that has been caused by carbohydrate overload (Krueger 
et al., 1986). This allows the easy absorption of amines into the bloodstream. In vitro 
studies have shown that the constriction of isolated digital blood vessels, that is caused by the 
production of amines, may play a role in the onset of laminitis; however, the factors in vivo 
have not yet been elucidated (Bailey et al., 2002). 
One possibility for the production of amines lies with the bacteria that are present. In 
horses experimentally induced with an overload of carbohydrates, an abundance of cecal 
Gram positive bacteria are seen (Bailey et al., 2002). This suggests that the Gram positive 
bacteria, like Streptococci and Lactobacilli, contain the enzymes needed to produce amines 
from amino acids (Bailey et al., 2002). However, further research is needed in this area to 
identify the specific bacteria species accountable for amine production in the equine system. 
Colic and laminitis can both be very detrimental to the horse industry. Many 
researchers and professionals in the horse industry believe that the largest, preventable cause 
of colic and laminitis is the excessive digestion of starch in the equine hindgut. Therefore, 
researchers are focusing their efforts and they are constantly developing methods to aid in the 
prevention of colic and laminitis. The most advantageous method to prevent major digestive 
disturbances could be the addition of probiotics and hindgut buffers to equine feeds. 
Beneficial bacteria are one option in lowering the potential for digestive disturbances such as 
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colic and laminitis. Yeast culture supplementation is another option for decreasing the 
harmful effects colic and laminitis. Yeast cultures allow the horse to more efficiently utilize 
forage and assist bacteria in stabilizing the hindgut pH. In addition, yeast cultures 
theoretically increase energy utilization of forage, and assist in the break down and utilization 
of starch. This could prove to very beneficial to the horse. Equine that are stalled 24 h/day 
and are consuming higher levels of concentrates can benefit the most from the addition of 
yeast cultures or other probiotics to their feed. 
Limited research has been conducted; however, to determine the effect of yeast 
cultures on cecal pH over time in equine. Therefore, the objective of this study was to 
investigate the effects of a pelleted product containing the active yeast culture, S. cerevisiae, 
and a proprietary buffering concept, on cecal pH in the equine cecum over an extended 
period of time. Additionally, inadequate studies exist which have focused on using the 
mobile bag technique to analyze buffering capacity in the equine cecum. Therefore, the 
present study was conducted to investigate the effects of using the mobile bag trial technique 
to analyze the buffering capacity of different feed products within the cecum and through 
complete digestion by the horse. 
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CHAPTER TWO 
THE EFFECT OF A HINDGUT MODIFIER PELLETED PRODUCT 
CONTAINING SACCHAROMYCES CEREVISIAE ON CECAL pH IN 
THE EQUINE HINDGUT 
A paper, a portion of which will be submitted to the Journal of Animal Science 
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Abstract 
The equine small intestine has a limited capacity to digest starch. Feeding high 
amounts of starch exceeds the capacity of the small intestine. This allows non-degraded 
starch to reach the cecum. Non-degraded starch irritates the microflora in the cecum, which 
often causes a decrease in cecal pH. Four cecally cannulated geldings were randomly 
assigned to a 4 x 4 Latin square design with 14-d treatment periods for 8 weeks. A control 
diet consisting of2 kg of a control pelleted com concentrate and the remainder cracked com 
was fed to the control group. The treatment diet consisted of 2 kg of a cracked com pellet 
containing a proprietary buffering concept and the yeast Saccharomyces cerevisiae and the 
remainder cracked com. Total grain was fed at 1 % BW in both the treatment and the control 
groups. Cecal samples were taken on day 7 and 14 of each treatment period. Samples were 
taken at 0 h (prior to the morning meal), 2 h, 4 h, 6 h, 8 h, and 10 h post-feeding. Samples 
were immediately analyzed for pH. Looking at the treatment effects over time, a significant 
difference was found. The treatment diet horses showed an overall higher cecal pH trend 
than the control diet horses. Cecal pH did not differ between treatments in samples taken at 0 
h and 2 h (P > 0.05). There was a statistically significant difference among treatments at 4 h 
(P < 0.05). Cecal pH differed between treatments at 6 h and 8 h, however, it was not found 
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to be a significant difference (P > 0.05). Mean cecal pH did not differ between treatments at 
10 h (P > 0.05). This is consistent with evidence that cecal pH tends to decrease quickly 
during the first few hours after feeding and then gradually return to neutral. Adding a 
pelleted product containing a proprietary buffering concept and the yeast S. cerevisiae to the 
diet appeared to reduce the level of harmful changes in pH in the cecum of the horse in this 
experimental study. 
Introduction 
Cereal grains and forage are fed to meet the energy requirements of horses. A 
majority of the protein and energy required by an adult horse at maintenance is provided 
through good quality forage. However, adult horses that are in working, gestation, or 
lactation stages are often supplemented with concentrates to provide the energy, vitamins, 
and minerals that forages are lacking in order for their demanding needs to be met (Snider, 
2001). In horses engaged in extensive exercise programs, the amount of forage is strongly 
restricted and the amount of concentrate is significantly increased (Zeyner et al., 2004). The 
majority of these horses are under intense production or performance conditions that require 
a higher nutrient requirement than forage alone can provide (Hussein et al., 2004). However, 
increasing the intake of concentrates and limiting the access to forage causes an increase in 
rapidly fermentable carbohydrate, which makes the horse more susceptible to digestive 
disturbances. These digestive disturbances, such as colic and laminitis, are more prevalent in 
horses consuming high concentrate diets (Medina et al., 2002). 
The equine small intestine has a limited capacity to digest starch. Feeding 3.5 g of 
starch per kilogram BW exceeds this capacity and permits non-degraded starch to reach the 
cecum (Medina et al., 2002). Once in the cecum, the non-degraded starch agitates the 
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hindgut microflora often causing a decrease in cecal pH. This can be detrimental to the 
equine hindgut environment. Research shows that supplementing yeast cultures into equine 
diets can increase microbial populations, growth, nitrogen retention, and fiber digestibility in 
the digestive system (Switzer et al., 2003). Including yeast cultures in equine diets has 
shown to have a positive effect on the hindgut fermentation of fiber. This leads to more 
energy production and increased forage utilization. The inclusion of yeast cultures allows 
diets to be digested more completely, which positively affects overall horse performance 
(Snider, 2001). Limited research has been conducted; however, to determine the effect of 
yeast cultures on cecal pH over time. Therefore, the objective of this study was to investigate 
the effects of a pelleted product containing the active yeast culture, S. cerevisiae, and a 
proprietary buffering concept, on cecal pH in the equine cecum over an extended period of 
time. 
Materials and Methods 
The Animal Care and Use Committee oflowa State University approved all 
procedures performed in this experiment. 
Experimental Design and Treatments 
Four cecally fistulated Quarter Horse geldings from the Iowa State University Equine 
Teaching Farm were utilized in this experiment. The geldings ranged in age from 8 to 12 
years, with an average BW of 526 kg. Body weight was measured weekly. The diets were 
adjusted according to BW for each treatment period. Geldings were randomly assigned to a 
4 x 4 Latin square design with 14-d treatment periods. Horses were stalled individually in 
3.7 x 4.3 m stalls with adjacent runs. Fresh water was supplied ad libitum. A trace 
mineralized salt block (12 % Ca, 12 % P, 12 % NaCl, 0.05 % Mg, 100 ppm I, 28 ppm Se, 
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515 ppm Zn, 125 ppm Cu, 500 ppm Mn, 220,000 IU/kg vitamin A, 11,000 IU/kg vitamin D, 
44 IU/kg vitamin E) was provided ad libitum, with no additional vitamins or minerals being 
supplemented to the horses. De-worming practices and vaccinations were consistent with the 
regular herd. 
Treatments consisted of two diets both containing alfalfa-bromegrass hay (18.96% 
CP, 37.99% ADF, 50.58% NDF) fed at 0.75% BW. The control diet consisted of2 kg of a 
control pelleted com concentrate (10.9% CP, 3.83% Crude Fat, 2.38% Crude Fiber, 1.82 
Meal/lb DE) and the remainder was fed as cracked com (8.54% CP, 3.79% Crude Fat, 1.97% 
Crude Fiber, 1.84 Meal/lb DE). The treatment diet consisted of 2 kg of a cracked com pellet 
containing hydrogenated soy wax, hydrolyzed animal and vegetable fat, calcium carbonate, 
magnesium oxide, sodium sesquicarbonate, molasses, other proprietary buffering concepts 
and the Diamond V Mills (Cedar Rapids, IA) Yeast Culture, S. cerevisiae (9.21%CP,2.87% 
Crude Fat, 2.15% Crude Fiber, 1.75 Meal/lb DE). The remainder was fed as cracked com to 
equal 1 % of the horse's BW. Total grain, including pellets and cracked com, was fed at 1 % 
BW in both groups. The analyzed nutrient concentration, including roughage and 
concentrate, for the treatment and control diets is shown in table one. 
Table two shows the daily intake of roughage and concentrate for the treatment and 
control diets. Grain and hay were offered at the same time but in separate containers. All of 
the geldings eagerly consumed both the control and the treatment diets without any 
significant refusals. In addition, throughout the total treatment period samples of com, 
pellets, and hay were obtained and then frozen for subsequent nutrient analysis. 
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Table 1. Analyzed nutrient concentration, including roughage and concentrate, for 
treatment and control diets. 
Treatment Meal/ lb CP% NDF% ADF% 
Period (Meal/kg} 
Control 1.65 12.9 24.2 17.0 
(0.75) 
Treatment 1.64 12.5 24.2 17.0 
(0.75) 
Table 2. Daily intake of roughage and concentrate for treatment and control diets. 
Daily Intake Roughage (kg/d} Concentrate (kg/d} 
Treatment Period Cracked Corn Pellet 
Control 3.4 4.3 2.0 
Treatment 3.4 4.3 2.0 
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Before the treatment periods began, the horses were allowed a 21 day adaptation 
period to adjust to the high concentrate diets. During this time the geldings were gradually 
worked up to being fed cracked com at 1 % BW and alfalfa-bromegrass hay at 0.75%. After 
adaptation, the horses were kept on the same diet for 4 weeks. During this period the 
geldings were sampled on the 7, 14, 21 , and 28 days of the pre-treatment period to determine 
a mean cecal pH baseline. The methods used for the collection of the cecal samples and the 
determination of pH were the same for the pre-treatment and treatment periods. 
Collection of Cecal Samples and the Determination of pH 
During the treatment periods, cecal samples were taken on day 7 and 14 for the 
determination of pH. Samples were taken at 0 h (prior to the morning meal), 2 h, 4 h, 6 h, 
8 hand 10 h post-feeding. Horses were fed the morning feeding after the 0 h samples were 
obtained. During each sampling time the cannula was opened and the cecal contents (liquid 
and solid) were collected into an insulated collection container. After collection, cecal 
samples were immediately analyzed for pH using a Fisher Scientific International Accumet 
AP62 pH meter (Fisher Scientific International, Inc., Hampton, NH). 
Statistical Analysis 
Data summary statistics (histograms, means, standard errors of the means, and 
standard deviations) were calculated to assess data quality. Data were analyzed for treatment 
and horse effects by ANOV A procedures of JMP Version 5.1 .2 (SAS Institute Inc., Cary, 
NC) statistical software. Analysis of data used a two-way ANOV A suitable for repeated 
measures over time and horse. If treatment effects were significant, the post-hoc pairwise t-
tests of group means were conducted. A P < 0.05 was considered statistically significant. 
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Results 
Horses on the treatment diet showed an overall higher cecal pH trend than horses on 
the control diet (Figure 1); however, it was not found to be significant (P > 0.05). 
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Figure 1. Mean changes in cecal pH post-feeding of a HGM or a control diet. 
Mean changes in cecal pH of four cannulated horses fed either a hindgut modifier treatment 
diet (HGM) containing a pelleted com product with the inclusion of a proprietary buffer and 
the yeast, S. cerevisiae, or a control diet (Control) containing a pelleted com product. 
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Analysis of Cecal pH 
When evaluating the treatment effects over time a significant difference was found. 
The cecal pH did not differ between treatments in samples taken at 0 h and 2 h (P > 0.05). 
The mean cecal pH at 0 h was 6.703 for the control diet and 6.715 for the treatment diet. At 
2 h the control diet had a mean cecal pH of 6.756 and the treatment diet a mean cecal pH of 
6. 761. Figure 1 illustrates the significant difference (P < 0.05) between treatments at the 4 h 
post-feeding sampling time. Cecal pH decreased to 6.569 in the treatment diet and to 6.397 
in the control diet at 4 h post-feeding. At 6 h post-feeding, pH averaged 6.354 in the control 
group, compared to 6.428 in the treatment group, showing a moderate treatment effect. 
However, it did not show a statistically significant difference (P > 0.05). The cecal pH did 
moderately differ between the treatments at the 8 h sampling time. At 8 h post-feeding, pH 
averaged 6.330 in the control group, compared to 6.446 in the treatment group. This 
difference, however, was not statistically significant (P > 0.05). The mean cecal pH did not 
differ between treatments at 10 h post-feeding, with a mean cecal pH for the treatment group 
of 6.570 and a mean cecal pH of 6.550 for the control group (P > 0.05). 
Figure 2 shows the mean changes in cecal pH post-feeding for the pre-treatment 
period. During the pre-treatment period, the cannulated horses were fed a diet consisting of 
cracked com at 1.0% BW and alfalfa-bromegrass hay at 0.75% BW. The drastic decrease in 
mean cecal pH at 4 h post-feeding can be easily seen in figure 2. The horses in this trial fed a 
high concentrate diet had significant declines in mean cecal pH at 4 h post-feeding and the 
mean cecal pH remained low at 6 h, 8 h, and 10 h post-feeding. Figure 3 shows the mean 
cecal pH changes in the pre-treatment versus the treatment periods. 
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Figure 2. Mean changes in cecal pH post-feeding for the pre-treatment period. 
Mean changes in cecal pH of four cannulated horses fed a diet consisting of cracked com at 
1.0% BW and alfalfa-bromegrass hay at 0.75% BW. Horses were fed after the 0 h sample 
was obtained. 
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Figure 3. Mean cecal pH changes in the pre-treatment versus the treatment periods. 
Mean changes in cecal pH of four cannulated horses fed either a hind gut modifier treatment 
diet (HGM) containing a pelleted com product with the inclusion of a proprietary buffer and 
the yeast, S. cerevisiae, or a control diet (Control) containing a pelleted com product to 
reflect changes in the treatment period versus the pre-treatment period mean changes in cecal 
pH of four horses fed a diet consisting of cracked com at 1.0% BW and alfalfa-bromegrass 
hay at 0.75% BW. Horses were fed after the 0 h sample was obtained. 
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Discussion 
The effects of the pelleted product with the proprietary buffers and the inclusion of 
the S. cerevisiae increased the cecal pH at 4 h (P < 0.05) post-feeding, and showed a 
moderate effect at 6 hand 8 h (P > 0.05) post-feeding. No effect was seen at 0 h, 2 h, and 10 
h (P > 0.05) post-feeding. This is consistent with evidence that cecal pH tends to decrease 
quickly during the first few hours after feeding. Cecal pH reaches a minimum value at 
approximately 4 to 6 hours post-feeding, and then increases gradually until a subsequent 
meal is completed (Medina et al., 2002). 
In the pre-treatment period a drastic drop in cecal pH is seen at 4 h post-feeding 
which is consistent with previous research (Medina et al., 2002). The mean cecal pH remains 
low at the 6 h, 8 h and 10 h sampling times. A mean cecal pH that remains low can be 
detrimental to the equine hindgut environment. Feeding a high concentrate, low roughage 
diet, as done in the pre-treatment period lowered the mean cecal pH to distressingly 
unhealthy levels. 
Due to the small sample size, it is difficult to detect differences that are not due to 
variation among horses. The treatment appeared to have different effects on different horses, 
demonstrating that the treatment is very horse specific. Treatment effects may be greater in 
some horses and have no effect on other horses. Further research needs to be conducted to 
better analyze the effects of the treatment on larger groups of horses. The addition of a 
pelleted product with a proprietary buffer and the inclusion of the S. cerevisiae appeared to 
minimize the level of undesirable changes in pH in the cecum of the horse in this 
experimental trial. 
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CHAPTER THREE 
EVALUATION OF A MOBILE BAG TRIAL 
TECHNIQUE TO DETERMINE THE BUFFERING CAPACITY 
OF A SACCHAROMYCES CEREVISIAE PELLETED PRODUCT 
IN THE EQUINE HINDGUT 
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Abstract 
The purpose of this study was to evaluate the buffering capacity of a pelleted product 
containing the yeast Saccharomyces cerevisiae in the equine hindgut. The mobile bag 
technique was used to evaluate the apparent buffering capacity within the cecum, along with 
total buffering capacity remaining after complete digestion by the horse. A total of 20 
mobile bags containing one metal washer and one pellet from either a control or treatment 
feed product were placed into the stomach of the horse via nasogastric intubation. In a 
separate trial, 20 mobile bags containing a Diamond V Mills (Cedar Rapids, IA) hind-gut 
modifier crumble product, before undergoing the pelleting process, were placed into the 
stomach of the horse via nasogastric intubation. Four cecally cannulated Quarter Horse 
geldings were used in this study. The mobile bags containing the pellet and the crumble 
were removed in groups of approximately 16 from the cecum and around 4 from the feces. 
Mobile bags were then analyzed for apparent pH buffering capacity. The current research 
concluded with 95% confidence that the efficiency of the HGM pellet to release the buffering 
capabilities in the equine hindgut is 92% (0.92 ± 0.27). In addition, it concluded with 95% 
confidence that the efficiency ofreleasing the buffering capacity of the HGM crumble is 91 % 
(0.91 ± 0.28). Adding a HGM pelleted product to equine diets could assist in reducing the 
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level of harmful changes in pH in the hindgut. Additional studies are needed to investigate 
the use of the mobile bag trial technique to analyze the buffering capacity of different feed 
products within the cecum. 
Introduction 
The mobile bag trial technique offers a quick and simple method for evaluating the 
digestibility of different equine feeds. The mobile bag technique can also be used to analyze 
the pH buffering capacity of specifically designed feeds. Research has been conducted to 
study the digestibility of different feeds in both bovine and porcine, but limited research 
exists on analyzing the buffering capacity of feeds supplemented with probiotics. 
The mobile nylon bag technique was first suggested by Sauer et al. (1983). The 
mobile nylon bag technique offers a comparatively quick and economical method to measure 
porcine digestibility of different feeds. It is also advantageous due to the small amounts of 
feed required. Predigested nylon bags (in vitro) containing 0.5 to 1.0 g of feed material were 
inserted into the duodenum via a T-cannula, and then collected in the feces (Sauer et al., 
1983). The bags were then analyzed for apparent fecal digestibility or apparent ileal 
digestibility of CP. It was observed that the digestibility of CP by the mobile nylon bag 
technique was less than the conventional method (Leibholz, 1991; Sauer et al., 1983). This 
could be due to several outside variables affecting the study. Yin et al. (1995) reported 
conflicting results of what had been previously reported by Sauer et al. (1983). The apparent 
ileal digestibilities of CP and AA were higher when analyzed with the mobile nylon bag 
technique than with conventional methods (Yin et al. , 1995). 
Research conducted by Yin et al. (2002) found several factors to be responsible for 
differences in digestibilities of CP and AA when comparing the mobile nylon bag technique 
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and conventional methods. The mobile bag technique may provide a quick and easy method 
to assess digestibility of porcine feed ingredients. The researchers in this trial noted that 
differences in handling of the retrieved bags, anti-nutritional factors present in the feedstuff, 
fineness of grinding, and sample size could be factors responsible for the differences found 
between conventional methods and the mobile bag technique (Yin, 2002). Overall, the 
mobile nylon bag technique proves to be the quickest most cost effective method for 
analyzing nutrient digestibilities in various animal feeds. 
Previous research is limited to understand the utilization of the mobile bag technique 
in horses. In order to measure the starch digestibility of oats, com, and barley in equine the 
mobile bag technique was used by de Fombelle et al. (2003). This study intended to 
characterize the digestion, along the entire foregut portion of the digestive tract, of two 
different pelleted meals (de Fombelle et al., 2003). Of the total mobile bags collected, 
approximately 45% were collected in the stomach contents. In a separate set of horses 
approximately 77% of the mobile bags were collected in the small intestine (de Fombelle et 
al., 2003). However, the mobile bags collected in this study were done with the horses under 
general anesthesia. The horses were then euthanized at the completion of the study. The 
results show that at least 30% of the starch from com and 20% of the starch from the barley 
was carried back to the hindgut after pre-cecal digestion (de Fombelle et al., 2003). This 
could lead to health problems and microbial disturbances in the hindgut. 
Research has been conducted to evaluate the digestibility of equine, bovine, and 
porcine feeds through the mobile nylon bag technique. Previous research to evaluate the use 
of the mobile bag technique without euthanizing the animals, especially equine, is limited. In 
addition, limited work has been done using the mobile bag technique to study the buffering 
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capacity of feeds supplemented with probiotics, such as the yeast culture Saccharomyces 
cerevisiae. Therefore, the present study was conducted to investigate the effects of using the 
mobile bag trial technique to analyze the buffering capacity of different feed products within 
the cecum and through complete digestion by the horse. 
Materials and Methods 
This study utilized four cecally-fistulated Quarter Horse geldings from the Iowa State 
University Horse Farm. The Animal Care and Use Committee oflowa State University 
approved all procedures performed in this experiment. The geldings used in this study had 
an average BW of 526 kg. Body weight was measured weekly, and the diets were adjusted 
according to changes in body weight in order to maintain a relatively constant body condition 
score among each of the horses. The horses ranged in age from 8 to 12 years old. Horses 
were stalled individually in 3.7 x 4.3 m stalls with adjacent runs. On test days the geldings 
were kept in stalls only without access to the adjacent runs in order to limit their movement 
while the mobile bags were being collected. The stalls were bedded lightly with wood 
shavings. Fresh water was supplied ad libitum. A trace mineralized salt block (12 % Ca, 12 
% P, 12 % NaCl, 0.05 % Mg, 100 ppm I, 28 ppm Se, 515 ppm Zn, 125 ppm Cu, 500 ppm 
Mn, 220,000 IU/kg vitamin A, 11,000 IU/kg vitamin D, 44 IU/kg vitamin E) was provided 
ad libitum, with no additional vitamins or minerals being supplemented to the horses. De-
worming practices and vaccinations were consistent with the regular herd. Every 3 months 
the horses were de-wormed with Equvalan Liquid Ivermectin. The geldings were vaccinated 
annually for tetanus, Western equine encephalitis, Eastern equine encephalitis, influenza, 
equine herpes virus (EHV-1, EHV-4), rabies, and West Nile. 
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All horses were adapted to the diet prior to this study. The geldings were fed cracked 
com (8.54% CP, 3.79% Crude Fat, 1.97% Crude Fiber, 0.80 Meal/kg DE) at 0.4% BW daily. 
In addition to the cracked com, all of the horses were fed alfalfa-bromegrass hay (18.96% 
CP, 37.99% ADF, 50.58% NDF) at 1.0% BW daily. The grain and hay was split into a 
morning feeding and an evening feeding. Grain and hay were offered at the same time but in 
separate containers. The horse readily consumed the diet without any significant refusals. 
Additionally, throughout the total treatment period samples of grain and hay were obtained 
and frozen for subsequent nutrient analysis. 
Mobile Bag Characteristics 
The mobile bags used in this study were all numbered for data recording purposes. 
Two different types of mobile bags were used. The first type of mobile bag contained a 
metal washer, for ease in retrieving, and treatment crumbles. The HGM (hindgut modifier) 
treatment crumbles contained Diamond V Mills (Cedar Rapids, IA) Yeast Culture 
(Saccharomyces cerevisiae), hydrogenated soy wax, hydrolyzed animal and vegetable fat, 
calcium carbonate, magnesium oxide, sodium sesquicarbonate, molasses, and other 
proprietary buffering products. The second type of mobile bag contained a metal washer and 
one treatment grain pellet. The treatment pellets contained 6% of the treatment crumble 
mixture and 94% ground com. The treatment crumbles were not palatable to horses: thus, 
the treatment pellets were made with a mixture of com and crumbles in order to make a 
product that was palatable to horses. Two types of mobile bags were used in order to 
determine if the treatment pellet had a similar buffering capacity to the treatment crumble. 
All mobile bags, including the treatment pellet and treatment crumble mobile bags, had 
approximately the same amount of yeast cultures and buffering components. 
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The mobile bags had an average weight of 1.141 g and had an average dimension of 
1.4 cm x 3.5 cm. The mobile bags were 0.4 cm in diameter. The small size allowed the 
mobile bags to be easily passed through a large nasogastric tube. They were made of a 
porous material that allowed easy exchange between the contents of the mobile bag and the 
digestive contents. 
Insertion of Mobile Bags into Stomach 
Each of the horses were intubated a total of 4 times. They had two trials with the 
pellet mobile bags and two trials with the crumble mobile bags. Each gelding was randomly 
assigned to a 4 x 4 Latin square design with alternating pellet mobile bag and crumble mobile 
bag trials. On the morning of the intubation the geldings were placed into stocks one at a 
time. The horses were not fed their morning meal until after the completion of the insertion 
of the mobile bags. They were given 0.5 cc ofDormosedan®, detomidine hydrochloride, 
(Pfizer Animal Health, New York, NY) via jugular vein puncture in order to provide 
adequate chemical restraint. 
A large nasogastric tube was used in this study. The nasogastric tube was inserted 
according to procedures described by Orsini and Kreuder (2002). The nasogastric tube was 
soaked in warm water until it was clean and flexible. The tube was removed from the warm 
water immediately prior to use. The end placed in the nasal canal was first lubricated with a 
sterile lube. Standing on the horse's left side, the right hand was placed over the horse's nose 
and the thumb was used to dorsally reflect the alar fold of the left nostril (Orsini and Kreuder, 
2002). The tube was then guided into the ventral nasal meatus. Immediately dorsal is the 
middle nasal meatus which was carefully avoided (Orsini and Kreuder, 2002). 
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The tube was advanced in the nasal canal slowly and carefully until reaching the 
epiglottis. A small amount of resistance was felt as the tube passed over the epiglottis and 
the horse swallowed the tube (Orsini and Kreuder, 2002). Then correct placement of the tube 
in the esophagus, and not in the trachea, was ensured before any further actions were taken. 
The tube was then continually passed until it reached the horse' s stomach. Once the tube had 
reached the stomach a ingest smell was emitted from the tube, ensuring correct placement 
(Orsini and Kreuder, 2002). The tube was then held securely in place. 
A total of 20 mobile bags were placed into the horse's stomach. Either twenty pellet 
mobile bags or twenty crumble mobile bags were randomly selected, recorded and set aside. 
At one time, 2-3 mobile bags were placed into the nasogastric tube. A stomach pump was 
attached to the nasogastric tube and warm water was pumped into the tube to flush the 
mobile bags until they were no longer visible. Then 2-3 more were flushed into the horse's 
stomach. This process was then repeated until all 20 mobile bags had been placed into the 
horse's stomach. One final time the nasogastric tube was flushed with warm water to ensure 
all of the mobile bags had reached the stomach and none were remaining in the tube. The 
nasogastric tube was then removed. It was kinked during the removal so that fluid would not 
leak into the nasal passage or pharynx. 
In order to ensure that a high percentage of the mobile bags could be retrieved from 
the cecum a magnet was used. It was desired to remove 16 mobile bags from the cecum and 
4 mobile bags from the feces. After all 20 of the mobile bags were placed into the stomach 
the cecal cannula was opened and the solid contents were removed. A solid cylindrical 
magnet with a welded washer on one end and a strong string securely tied to the washer was 
used to catch the mobile bags as they passed through the cecum. The magnet was inserted 
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into the cecum with the string left on the outside of the cannula. The cannula was then sealed 
up and the string was braided into a section of the horse's tail. The horses were then fed their 
morning meal. 
Retrieval of Mobile Bags from Cecum 
Every hour after the mobile bags were placed into the stomach, the cannula was 
opened and the solid and liquid contents were collected into a metal 12 liter bucket. The 
magnet was then removed from the cecum and checked for the attachment of mobile bags. 
After the removal of the mobile bags from the magnet, the magnet was placed back into the 
cecum and the cannula was closed. A separate magnet was then plunged into the bucket of 
cecal contents to check for additional mobile bags. If any mobile bags were collected, the 
time, location of collection, number of the mobile bags, and bag ID number were recorded. 
At the completion of each collection, all of the mobile bags were gently rinsed with water 
and then frozen for subsequent analysis. 
The cannula was opened and checked for mobile bags every hour until all 16 mobile 
bags were collected or 14 hours have passed since the mobile bag placement into the 
stomach. Once all of the 16 mobile bags are collected, or 14 hours have passed, the magnet 
was removed from the cecum. Throughout this process the horses were kept in box stalls 
without access to the adjacent runs in order to limit the amount of movement. Horses were 
monitored throughout the day for any discomfort or unusual behaviors. 
Retrieval of Mobile Bags from Feces 
At the completion of the collection of the mobile bags from the cecum, the retrieval 
of the mobile bags from the feces began. Out of the 20 total mobile bags placed into the 
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stomach, it was desired to obtain four mobile bags from the feces. This would allow for 
analysis of the mobile bags after passing through the entire gastrointestinal tract of the horse. 
At the beginning of the retrieval of the mobile bags from the feces, each horse was 
fitted with a fecal collection bag. Approximately every 3 to 4 hours the fecal collection bags 
were emptied into individual 60 liter buckets for each horse. A metal detector was then taken 
over the feces to search for mobile bags. Then approximately 2-3 kg of fecal material was 
placed into a separate 12 liter bucket. Around 6-8 liters of water were then added to the fecal 
material to make a slurry. A magnet was then plunged into the fecal slurry to retrieve any 
mobile bags. If any mobile bags were collected, the time, location of collection, number of 
the mobile bags, and bag ID number were recorded. At the completion of each fecal 
collection, all of the mobile bags were gently rinsed with water and then frozen for 
subsequent analysis. 
Analysis of Mobile Bags 
After thawing, the pellet or crumble mobile bags were weighed into 50 ml centrifuge 
tubes. Then 20 ml of distilled water was added to each tube. The tubes were vortexed for 30 
seconds using a Fisher Scientific (Fisher Scientific International, Inc., Hampton, NH) Genie 
2 Vortex. Tubes were placed into a Fisher Scientific (Hampton, NH) Isotemp water bath at 
55° C for 30 minutes. Samples were removed one at a time, and vortexed again for 30 
seconds. The pH of the sample was recorded using a Fisher Scientific (Hampton, NH) 
International Accumet AP62 pH meter. The samples were mixed with a stir bar during the 
pH measurement. Samples were titrated with 0.01 N HCl to a pH one unit lower than the 
initial reading. The amount of 0.01 N HCl used to lower the pH one unit was recorded for 
each sample. 
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Statistical Analysis 
Data was organized and stored using Microsoft Excel version 5.1.2600 (Microsoft 
Office Professional Edition 2003). Summary statistics were calculated using Microsoft 
Excel. Confidence interval calculations were performed in accordance to Agresti and Finlay 
(1997) outlined procedures for a normal approximation to the binomial (Agresti and Finlay, 
1997). Confidence intervals were based on a 95% confidence level. 
Results 
The results show the release of the buffering capacity of both the pellet and crumble 
to be high in the horse. The HGM pellet had 92% efficiency on the release of the buffering 
capacity. The confidence interval of 92% efficiency has a range from 90% to 94% (0.92 ± 
0.02) (0.90, 0.94), using a confidence level of 95% (Agresti and Finlay, 1997). Therefore, it 
can be concluded with 95% confidence that the efficiency of the HGM pellet to release the 
buffering capabilities is 92% (0.92 ± 0.02). 
The HGM crumble had 91 % efficiency on the release of the buffering capacity. The 
confidence interval of the 91 % efficiency of the buffering capabilities has a range from 89% 
to 93% (0.91±0.02) (0.89, 0.93), using a 95% confidence level (Agresti and Finlay, 1997). 
Therefore, it is concluded with 95% confidence that the efficiency of releasing the buffering 
capacity of the HGM crumble is 91 % (0.91 ± 0.02). 
Table 1. Buffering capacity of pellet and crumble HGM products. 
HGM Product Buffering Cagacit:y Mean ml 0.01 N HCl/g buffer 
Pellet 92% (0.92 ± 0.02) 35.51 
(92%, 94%) 
Crumble 91%(0.91±0.02) 59.25 
(89%, 93%) 
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Discussion 
The mobile bag technique can be used to analyze the pH buffering capacity of 
specifically designed feeds. Overall, the mobile nylon bag technique proves to be the 
quickest most cost effective method for analyzing the pH buffering capabilities of various 
animal feeds and supplements. The HGM products utilized in this study showed a high 
percentage for releasing the buffering components in the equine hindgut. This demonstrates 
that a high percentage of the hindgut buffers were able to reach the cecum, thus, assisting in 
modifying the hindgut environment. This would allow the horse to theoretically consume 
large amounts of carbohydrates without the added risk of negatively changing the hind gut 
micro flora. The results show the release of the buffering capacity of both the pellet and 
crumble to be very similar and the efficiency of the HGM products to release the buffering 
capacity in the hindgut to be high in the horse. 
In this study, it can be concluded with 95% confidence that the efficiency of the 
HGM pellet to release the buffering capabilities in the equine hindgut is 92% (0.92 ± 0.27). 
In addition, it is concluded with 95% confidence that the efficiency of releasing the buffering 
capacity of the HGM crumble is 91 % (0.91 ± 0.28). Since a high percentage of buffering 
capability was observed with both the HGM pellet and crumble, adding a HGM pelleted 
product to equine diets could assist in reducing the level of harmful changes in pH in the 
hindgut. However, further research needs to be conducted to better analyze the effects of the 
buffering capacity of the HGM treatment using a larger sample. Nonetheless, the mobile bag 
trial technique does offer a quick and simple method for evaluating the buffering capacity of 
different equine feeds supplemented with HGMs. 
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CHAPTER FOUR 
GENERAL CONCLUSIONS 
For many years, the addition of yeast culture to ruminant diets has been accepted as a 
positive method for increasing the digestive efficiency of the animal. There has recently 
been an increasing interest in the use of yeast cultures as a pro biotic in equine to enhance 
digestive function. Nutrient digestibility can be increased by adding yeast cultures to the 
diet, because of the apparent ability of yeast to assist in fermentation in the cecum of the 
horse. Yeast culture supplementation can be valuable to horses on both a high-concentrate 
and a high-fiber diet, despite conflicting results from previous research (Lattimer et al., 
2005). 
Increased concentrations of lactate utilizing bacteria in the hindgut were seen in 
mature ponies fed a 70% concentrate and 30% roughage diet that was supplemented with a 
yeast culture (Moore et al., 1994). An increase in cecal pH resulted from this diet. In 
performance horses consuming large quantities of starch, it would be desirable to supplement 
the diet with yeast culture because of the resulting gastric upset that can occur from the large 
amounts of nonstructural polysaccharides reaching the cecum. 
The beneficial effects of supplementing yeast culture into the diet can also be seen in 
equine ingesting a diet of mostly forage. In mature mares, consuming mainly forage diets 
supplemented with a yeast culture, increased digestibility ofDM, NDF, and ADF were 
reported (Glade, 1991). An increase in the acetate to propionate rate and an increase in the 
total VF A concentrations were observed in a separate study using cecal fluid from horses 
ingesting a high-fiber diet (McDaniel et al., 1993). This data supports previous data from 
work done by Glade (1991). This demonstrates that in aged equine with inhibited digestion 
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of fiber that the supplementation of yeast cultures into the diet could prove to be very 
beneficial (Lattimer et al., 2005). 
The research presented in this thesis signifies a long-term attempt to understand the 
effects of using probiotics to increase the digestive efficiency of equine. Previous research 
has produced minimal positive data. The results of this research indicate that a hindgut 
modifier with the inclusion of the yeast, Saccharomyces cerevisiae, had an effect on the cecal 
pH. In this experimental trial, the supplementation of the hindgut modifier pelleted product 
into the diet of the animals appeared to minimize the level of adverse changes in pH in the 
cecum of the horse. Further research needs to be conducted to better analyze and understand 
the effects of supplementing equine diets with hindgut modifiers. 
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APPENDIX A 
TREATMENTVALUESFORPARAMETERSMEASUREDIN 
CHAPTER TWO 
HORSE TRMT HOUR Q!f 
0 6.59 
2 6.58 
4 6.44 
6 6.48 
8 6.25 
10 6.58 
0 6.72 
2 6.77 
4 6.49 
6 6.42 
8 6.67 
1 10 6.69 
2 0 6.76 
2 2 6.80 
2 4 6.73 
2 6 6.53 
2 8 6.44 
2 10 6.51 
2 0 6.72 
1 2 2 6.61 
1 2 4 6.58 
2 6 6.44 
2 8 6.45 
2 10 6.48 
1 0 6.82 
1 2 6.83 
4 6.50 
6 6.41 
· 1 8 6.31 
10 6.76 
0 6.85 
2 6.99 
4 6.74 
6 6.70 
8 6.76 
1 10 6.68 
2 0 6.83 
2 2 6.85 
2 4 6.70 
2 6 6.43 
1 2 8 6.52 
2 10 6.57 
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2 0 6.69 
2 2 6.73 
2 4 6.58 
2 6 6.47 
2 8 6.11 
2 10 6.65 
2 0 6.58 
2 1 2 6.54 
2 1 4 6.69 
2 6 6.76 
2 8 6.73 
2 10 6.80 
2 0 6.52 
2 2 6.54 
2 4 6.72 
2 6 6.87 
2 1 8 6.99 
2 1 10 6.98 
2 2 0 6.66 
2 2 2 6.63 
2 2 4 6.78 
2 2 6 6.85 
2 2 8 6.62 
2 2 10 6.62 
2 2 0 6.67 
2 2 2 6.67 
2 2 4 6.57 
2 2 6 6.56 
2 2 8 6.50 
2 2 10 6.39 
2 0 6.70 
2 1 2 6.70 
2 1 4 6.69 
2 6 6.69 
2 8 6.59 
2 10 6.58 
2 0 6.70 
2 2 6.89 
2 4 6.88 
2 6 6.80 
2 8 6.77 
2 10 6.77 
2 2 0 6.61 
2 2 2 6.63 
2 2 4 6.57 
2 2 6 6.48 
2 2 8 6.54 
2 2 10 6.42 
2 2 0 6.50 
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2 2 2 6.50 
2 2 4 6.53 
2 2 6 6.65 
2 2 8 6.71 
2 2 10 6.68 
3 2 0 6.68 
3 2 2 6.78 
3 2 4 6.56 
3 2 6 6.58 
3 2 8 6.79 
3 2 10 6.84 
3 2 0 6.60 
3 2 2 6.67 
3 2 4 6.57 
3 2 6 6.35 
3 2 8 6.53 
3 2 10 6.77 
3 0 6.63 
3 2 6.76 
3 4 6.58 
3 1 6 6.41 
3 1 8 6.46 
3 1 10 6.55 
3 0 6.52 
3 1 2 6.13 
3 1 4 6.09 
3 1 6 6.09 
3 1 8 5.95 
3 1 10 6.43 
3 2 0 6.69 
3 2 2 6.87 
3 2 4 6.50 
3 2 6 6.43 
3 2 8 6.52 
3 2 10 6.67 
3 2 0 6.58 
3 2 2 6.67 
3 2 4 6.47 
3 2 6 6.52 
3 2 8 6.61 
3 2 10 6.69 
3 1 0 6.59 
3 2 6.81 
3 4 6.28 
3 6 6.33 
3 8 6.45 
3 10 6.53 
3 0 6.44 
3 2 6.59 
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3 4 6.26 
3 6 6.36 
3 8 6.45 
3 1 10 6.53 
4 2 0 6.82 
4 2 2 6.81 
4 2 4 6.42 
4 2 6 6.11 
4 2 8 6.47 
4 2 10 6.73 
4 2 0 6.88 
4 2 2 6.95 
4 2 4 6.36 
4 2 6 6.10 
4 2 8 6.85 
4 2 10 6.85 
4 1 0 6.00 
4 1 2 5.85 
4 1 4 5.55 
4 1 6 5.58 
4 1 8 5.66 
4 10 6.27 
4 1 0 6.45 
4 2 6.43 
4 4 6.19 
4 6 5.46 
4 8 5.04 
4 10 5.28 
4 2 0 6.86 
4 2 2 6.89 
4 2 4 6.60 
4 2 6 6.13 
4 2 8 5.81 
4 2 10 6.21 
4 2 0 6.96 
4 2 2 6.95 
4 2 4 6.60 
4 2 6 6.31 
4 2 8 6.75 
4 2 10 6.67 
4 1 0 6.94 
4 2 6.70 
4 4 5.92 
4 6 6.13 
4 8 6.13 
4 10 6.41 
4 0 6.58 
4 2 6.54 
4 4 5.91 
4 
4 
4 
6 
8 
10 
5.41 
5.18 
6.14 
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APPENDIXB 
PRE-TREATMENT VALUES FOR PARAMETERS MEASURED IN 
CHAPTER TWO 
HORSE TRMT HOUR 
.I!!:!. 
0 0 6.54 
0 2 6.56 
0 4 6.49 
0 6 6.39 
0 8 6.31 
0 10 6.36 
0 0 6.67 
0 2 6.74 
0 4 6.53 
0 6 6.31 
0 8 6.39 
0 10 6.37 
0 0 6.47 
0 2 6.55 
0 4 6.03 
0 6 6.18 
0 8 5.58 
0 10 6.05 
0 0 6.57 
0 2 6.58 
0 4 6.26 
0 6 6.09 
0 8 6.12 
0 10 6.39 
2 0 0 6.64 
2 0 2 6.73 
2 0 4 6.75 
2 0 6 6.59 
2 0 8 6.5 
2 0 10 6.45 
2 0 0 6.51 
2 0 2 6.74 
2 0 4 6.53 
2 0 6 6.39 
2 0 8 6.31 
2 0 10 6.36 
2 0 0 6.48 
2 0 2 6.65 
2 0 4 6.61 
2 0 6 6.44 
2 0 8 6.28 
2 0 10 6.33 
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2 0 0 6.74 
2 0 2 6.84 
2 0 4 6.87 
2 0 6 6.88 
2 0 8 6.62 
2 0 10 6.42 
3 0 0 6.32 
3 0 2 6.5 
3 0 4 6.24 
3 0 6 6.21 
3 0 8 6.37 
3 0 10 6.45 
3 0 0 6.47 
3 0 2 6.64 
3 0 4 5.94 
3 0 6 6.08 
3 0 8 6.27 
3 0 10 6.37 
3 0 0 6.24 
3 0 2 6.39 
3 0 4 6.31 
3 0 6 6.34 
3 0 8 6.36 
3 0 10 6.38 
3 0 0 6.48 
3 0 2 6.56 
3 0 4 6.28 
3 0 6 6.37 
3 0 8 6.29 
3 0 10 6.3 
4 0 0 6.51 
4 0 2 6.55 
4 0 4 5.96 
4 0 6 6.11 
4 0 8 6.34 
4 0 10 6.48 
4 0 0 6.65 
4 0 2 6.57 
4 0 4 5.82 
4 0 6 5.89 
4 0 8 6.11 
4 0 10 6.68 
4 0 0 6.74 
4 0 2 6.44 
4 0 4 5.71 
4 0 6 5.89 
4 0 8 6.16 
4 0 10 5.56 
4 0 0 6.9 
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4 0 2 6.54 
4 0 4 5.86 
4 0 6 6.16 
4 0 8 6.46 
4 0 10 6.01 
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APPENDIXC 
VALUES FOR PARAMETERS MEASURED IN CHAPTER THREE 
Product Bag# Bag+ pH w/water Initial Ending 0.01 N 
Washer Buretta Buretta HCI 
Reading Reading required 
(ml) (ml) to lower 
pH by 1 
unit (ml) 
Empty Bag 1A 0.778 6.94 41.8 42 0.2 
Empty Bag 7A 0.79 7.56 14.3 14.7 0.4 
Empty Bag BA 0.786 6.99 14.7 15 0.3 
Empty Bag 10A 0.802 6.96 39.5 40.7 1.2 
Empty Bag 11A 0.791 7.03 15.3 15.4 0.1 
Empty Bag 13A 0.803 7.15 37.9 38.6 0.7 
Empty Bag 16A 0.792 6.34 15 15.1 0.1 
Empty Bag 18A 0.795 6.35 15.1 15.25 0.15 
Empty Bag 20A 0.789 7.43 40.7 41.8 1.1 
Empty Bag 21A 0.788 7.11 38.6 39.5 0.9 
AVE 0.515 
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Bag+ Product Buffer Initial Surette 
Product Bag# Washer la\ ~eight la\ Total la\ Amount la\ pH w/water Reading (ml) 
Crumble 212 0.786 0.348 1.134 0.215064 9.34 12.7 
Crumble 236 0.788 0.359 1.147 0.221862 9.57 35.8 
Crumble 338 0.763 0.368 1.131 0.227424 9.64 34.5 
Crumble 342 0.794 0.323 1.117 0.199614 9.44 20.3 
Crumble 357 0.799 0.34 1.139 0.21012 9.39 22.5 
Crumble 233 0.790 0.316 1.106 0.195288 9 12.2 
Crumble 296 0.784 0.337 1.121 0.208266 9.28 9.8 
Crumble 313 0.775 0.346 1.121 0.213828 9.61 31.1 
Crumble 324 0.772 0.354 1.126 0.218772 9.48 27.2 
Crumble 354 0.779 0.35 1.129 0.2163 9.63 25.1 
Crumble 274 0.775 0.364 1.139 0.224952 9.47 39.4 
Crumble 27f. 0.788 0.356 1.144 0.220008 9.13 18.8 
Crumble 291 0.798 0.335 1.133 0.20703 9.04 37.4 
Crumble 351 0.795 0.352 1.147 0.217536 9.42 25.2 
Crumble 188 0.788 0.369 1.157 0.228042 9.67 7.9 
Crumble 194 0.792 0.319 1.111 0.197142 9.64 0 
Crumble 20€ 0.786 0.383 1.169 0.236694 9.56 5.5 
Crumble 235 0.780 0.320 1.100 0.19776 9.33 4.3 
Crumble 246 0.793 0.389 1.182 0.240402 9.77 19.2 
Crumble 340 0.793 0.335 1.128 0.20703 9.71 15.2 
Crumble 350 0.789 0.348 1.137 0.215064 9.75 17.3 
Crumble 200 0.795 0.335 1.130 0.20703 9.95 13.2 
Crumble 245 0.789 0.341 1.130 0.210738 9.39 29.1 
Crumble 252 0.783 0.380 1.1 63 0.2349018 9.22 14.4 
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Crumble 266 0.770 0.395 1.165 0.24411 9.6 16.6 
Crumble 273 0.783 0.337 1.120 0.208266 9.07 23.8 
Crumble 316 0.770 0.347 1.117 0.214446 9.17 38.1 
Crumble 227 0.780 0.399 1.179 0.246582 9.3 24 
Crumble 335 0.773 0.325 1.098 0.20085 9.22 7 
Crumble 347 0.786 0.323 1.109 0.199614 8.94 33.e 
Crumble 182 0.785 0.326 1.111 0.201468 9.93 30.2 
Crumble 185 0.778 0.374 1.152 0.231132 9.84 15 
Crumble 201 0.768 0.330 1.098 0.20394 9.91 25.1 
Crumble 207 0.790 0.344 1.134 0.212592 9.91 0.1 
Crumble 21C 0.792 0.373 1.165 0.230514 9.81 8.2 
Crumble 241 0.781 0.313 1.094 0.193434 9.68 0.1 
Crumble 25E 0.777 0.350 1.127 0.2163 9 . 8~ 14.2 
Crumble 26C 0.773 0.362 1.135 0.223716 9.76 42.3 
Crumble 293 0.798 0.330 1.128 0.20394 9.85 15.5 
Crumble 307 0.783 0.347 1.130 0.214446 10 1.2 
Crumble 30E 0.782 0.377 1.159 0.232986 9.88 13.4 
Crumble 309 0.767 0.326 1.093 0.201468 9.73 29.6 
Crumble 320 0.778 0.349 1.127 0.215682 9.78 0.1 
Crumble 362 0.78 0.361 1.141 0.223098 9.85 0 
Pellet 87 0.788 0.321 1.109 0.024717 7.64 29.9 
Pellet 154 0.787 0.353 1.140 0.027181 8.21 4.1 
Pellet 113 0.797 0.377 1.174 0.029029 7.89 27.6 
Pellet 114 0.803 0.303 1.106 0.023331 7.76 2 
Pellet 163 0.790 0.383 1.173 0.029491 8 1.4 
Pellet 31 0.801 0.381 1.182 0.029337 7.59 32.2 
Pellet 67 0.787 0.346 1.133 0.026642 7.5 7.1 
Pellet 78 0.805 0.372 1.177 0.028644 7.4 7.9 
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Pellet 99 0.794 0.387 1.181 0.029799 7.54 29.3 
Pellet 116 0.798 0.440 1.238 0.03388 6.95 4.7 
Pellet 378 0.781 0.321 1.102 0.024717 7.1 5 30.E 
Pellet 10E 0.800 0.305 1.105 0.023485 7.63 34.5 
Pellet 15€ 0.792 0.366 1.158 0.028182 6.8 36.2 
Pellet 173 0.784 0.375 1.15S 0.028875 6.69 11.1 
Pellet 17: 0.789 0.320 1.109 0.02464 7.43 33 
Pellet 37!: 0.782 0.407 1.189 0.031339 7.53 10.2 
Pellet 13E 0.805 0.351 1.156 0.027027 7.44 26.5 
Pellet 15!: 0.797 0.366 1.163 0.028182 8.36 27.3 
Pellet 17~ 0.788 0.346 1.134 0.026642 7.29 3.4 
Pellet 52 0.842 0.424 1.266 0.032648 7.2 5.7 
Pellet 10~ 0.784 0.438 1.222 0.03372E 7.17 31 .2 
Pellet 80 0.789 0.380 1.169 0.02926 7.48 12 
Pellet 125 0.789 0.392 1.181 0.030184 7.16 9 
Pellet 132 0.812 0.380 1.192 0.02926 7.22 33.8 
Pellet 146 0.809 0.407 1.216 0.031339 7.43 35.2 
Pellet 165 0.774 0.344 1.118 0.026488 7.31 9.6 
Pellet 84 0.798 0.392 1.190 0.030184 7.58 28.2 
Pellet 119 0.791 0.309 1.100 0.023793 7.61 2.6 
Pellet 30 0.792 0.386 1.178 0.029722 7.2 0.3 
Pellet 134 0.797 0.307 1.104 0.023639 7.14 28.7 
Pellet 383 0.786 0.35 1.136 0.02695 9.49 14.7 
Pellet 65 0.794 0.392 1.186 0.030184 9.24 21 .2 
Pellet 66 0.816 0.306 1.122 0.023562 9.37 15.6 
Pellet 68 0.797 0.323 1.120 0.024871 9.57 4.2 
Pellet 72 0.806 0.312 1.118 0.024024 9.73 0.3 
Pellet 94 0.802 0.365 1.167 9.52 4.5 8.9 
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Pellet 120 0.789 0.308 1.097 0.023716 9.56 1.4 
Pellet 135 0.788 0.426 1.214 0.032802 9.45 32.4 
Pellet 148 0.796 0.366 1.162 0.028182 9.35 18.3 
Pellet 164 0.784 0.402 1.186 0.030954 9.43 12.2 
Pellet 174 0.784 0.332 1.116 0.025564 9.4 29.6 
Pellet 371 0.79 0.341 1.131 0.026257 9.71 7.6 
Pellet 377 0.781 0.349 1.13 0.026873 9.48 8.9 
Pellet 380 0.779 0.324 1.103 0.024948 9.67 11 .2 
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Product Bag# Ending 0.01 N HCI ml 0.01 N Average Horse 
Surette required to HCl/g Buffer 
Reading lower pH by 1 (minus empty 
(ml) unit (ml) bag titrant) 
Crumble 212 14.4 1.7 5.5099877 OA 
Crumble 236 37.4 1.6 4.8904274 OE 
Crumble 338 35.8 1.3 3.4517025 OE 
Crumble 342 22.5 2.2 8.4412917 OE 
Crumble 357 23.8 1.3 3.7359604 5.205874 E 
Crumble 233 12.7 0.5 -0.0768096 OA 
Crumble 296 12.2 2.4 9.0509253 OA 
Crumble 313 33.8 2.7 10.218493 OA 
Crumble 324 29.1 1.9 6.3307919 OA 
Crumble 354 27.2 2.1 7.3277855 OA 
Crumble 274 41 1.6 4.8232512 OE 
Crumble 275 20.3 1.5 4.4771099 0 E 
Crumble 291 38.1 0.7 0.8935903 0 E 
Crumble 351 26.5 1.3 3.6085981 OE 
Crumble 188 9.8 1.9 6.0734426 0 J 
Crumble 194 4.3 4.3 19.199359 OJ 
Crumble 206 7 1.5 4.1614912 OJ 
Crumble 235 5.5 1.2 3.4637945 OJ 
Crumble 246 24 4.8 17.824311 OJ 
Crumble 340 17.3 2.1 7.6558953 OJ 
Crumble 350 19.2 1.9 6.4399435 OJ 
Crumble 200 15.2 2 7.1728735 6.979109 J 
Crumble 245 31.1 2 7.0466646 OA 
Crumble 252 16.6 2.2 7.1732103 OA 
Crumble 266 18.8 2.2 6.9026259 OA 
Crumble 273 25.2 1.4 4.2493734 OE 
Crumble 316 39.4 1.3 3.6605952 OE 
Crumble 227 25.1 1.1 2.3724359 0 J 
Crumble 335 7.9 0.9 1.9168534 4.760251 J 
Crumble 347 34.4 0.6 0.4258218 0.425822 A 
Crumble 182 45.3 15.1 72.393631 OT 
Crumble 185 29.6 14.6 60.939204 OT 
Crumble 201 37.9 12.8 60.238305 OT 
Crumble 207 14.2 14.1 63.901746 OT 
Crumble 210 22.6 14.4 60.234953 OT 
Crumble 241 13.4 13.3 66.094895 OT 
Crumble 256 29.5 15.3 68.354138 OT 
Crumble 260 58.2 15.9 68.770227 OT 
Crumble 293 30.2 14.7 69.554771 OT 
Crumble 307 15.5 14.3 64.281917 OT 
Crumble 308 29.6 16.2 67.321642 OT 
Crumble 309 42.3 12.7 60.481069 OT 
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Crumble 320 15 14.9 66.695413 OT 
Crumble 362 14.3 14.3 61 .78899 OT 
Pellet 87 30.6 0.7 7.4847271 OA 
Pellet 154 4.7 0.6 3.1271844 OA 
Pellet 113 28.2 0.6 2.9281064 0 J 
Pellet 114 2.6 0.6 3.6432215 0 J 
Pellet 163 2 0.6 2.8822353 4.013095 J 
Pellet 31 33 0.8 9.7146948 OA 
Pellet 67 7.9 0.8 10.697395 OA 
Pellet 78 8.7 0.8 9.9497277 OA 
Pellet 99 29.9 0.6 2.8524447 OA 
Pellet 116 5.7 1 14.31523 QA 
Pellet 378 31 .2 0.6 3.4389287 OA 
Pellet 106 35.2 0.7 7.8773685 OE 
Pellet 158 37 0.8 10.112838 OE 
Pellet 173 12 0.9 13.333333 OE 
Pellet 175 33.8 0.8 11.566558 OE 
Pellet 375 11 .1 0.9 12.285012 OE 
Pellet 138 27.3 0.8 10.545011 0 J 
Pellet 155 27.6 0.3 -7.628983 0 J 
Pellet 179 4.1 0.7 6.9439231 8.285963 J 
Pellet 52 7.1 1.4 27.107327 QA 
Pellet 103 32.2 1 14.380597 OA 
Pellet 80 13.2 1.2 23.4108 OE 
Pellet 125 9.6 0.6 2.8160615 OE 
Pellet 132 34.5 0.7 6.3226247 OE 
Pellet 146 36.2 1 15.475925 OE 
Pellet 165 10.2 0.6 3.2090003 OE 
Pellet 84 28.7 0.5 -0.496952 0 J 
Pellet 119 3.4 0.8 11 .978313 11.57819 J 
Pellet 30 1.4 1.1 19.68239 OJ 
Pellet 134 29.3 0.6 3.5957528 11 .63907 J 
Pellet 383 17 2.3 66.233766 OT 
Pellet 65 25.1 3.9 112.14551 OT 
Pellet 66 18.3 2.7 92.734063 OT 
Pellet 68 7.6 3.4 115.99855 OT 
Pellet 72 4.2 3.9 140.90077 OT 
Pellet 120 4.5 3.1 108.99814 OT 
Pellet 135 37.9 5.5 151 .97244 OT 
Pellet 148 21 .2 2.9 84.628486 OT 
Pellet 164 15.6 3.4 93.202817 OT 
Pellet 174 32.4 2.8 89.383508 OT 
Pellet 371 12.2 4.6 155.57756 OT 
Pellet 377 11.2 2.3 66.423548 OT 
Pellet 380 14.7 3.5 119.64887 107.5268 T 
Total 
Pellet 1-(AVG F/AVG NF)= %BC Crumble 1-(AVG F/AVG NF)= %BC 
1-(8.785026/109.72) = 92% 1-(5.947393/65.07506) = 91% 
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APPENDIXD 
WEIGHT VALUES FOR PARAMETERS MEASURED IN CHAPTER 
TWO AND CHAPTER THREE 
Week Horse #1 Horse #2 Horse #3 Horse "#4 
1 1230 1208 1104 1050 
2 1350 1172 1158 1118 
3 1326 1203 1125 1081 
4 1341 1213 1137 1110 
5 1320 1180 1138 1076 
6 1295 1180 1122 1082 
7 1285 1172 1096 1056 
8 1280 1166 1106 1060 
9 1290 1164 1138 1078 
10 1300 1164 1152 1042 
11 1290 1174 1142 1048 
12 1270 1178 1166 1059 
13 1285 1188 1156 1068 
14 1320 1190 1172 1084 
15 1330 1196 1178 1082 
16 1325 1206 1196 1094 
17 1330 1218 1194 1104 
18 1325 1216 1206 1094 
19 1321 1198 1194 1087 
20 1296 1196 1203 1095 
21 1294 1190 1205 1097 
22 1289 1202 1209 1093 
23 1294 1190 1202 1110 
24 1298 1195 1193 1131 
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